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ABSTRACT 
 
The Associat ion between Trunk Muscle Endurance and 
Lumbar-Pelvic Instabi l i ty in Adolescent Low Back Pain 
 
Franço ise Lew is 
 
Supervisors:  Wendy- Anne Wood ,  Beni ta  Naude 
 
Low back  pa in  (LBP)  i s  a  common c aus e  o f  d i sc omfor t  i n  modern  
soc ie t y ,  and  the  preva lence o f  LB P in  the  ado lescen t  popu la t i on  is  
h igh  and  has  a  p red ic t i v e  va lue f or  t he occur rence  o f  LBP as  an  
adu l t .  
 
The a im of  the  s tudy  was  t o i nves t iga te  the  assoc ia t ion  be tween  
ado lescen t  LBP and  t runk  musc le  endurance  and  lumbar -pe lv i c  
i ns tab i l i t y ,  as  we l l  as  t he assoc ia t i on  be tween  t runk  m usc le  
endurance  and  lumbar -pe lv ic  i ns tab i l i t y .  Spor ts  and  phys i ca l  
ac t iv i t y  pa r t i c i pa t ion ,  s eden ta ry ac t iv i t y  pa r t i c i pat i on and  a  f am i l y  
h i s t o ry were  a l so  i nves t i ga ted as  t hey hav e been  iden t i f i ed  i n  
p rev ious  s t ud ies  as  poten t ia l  r i sk  fac to rs .   
 
The s tudy was  a  c ross  sec t i ona l  s tudy o f  80 ado lescen t s  i n  g rade  
8  to  g rade  11,  aged  12  to  17 years ,  a t  t h ree  h igh schoo ls  i n  
Gauteng,  who  agreed  to   pa r t i c i pate  i n  t he s tudy.  Data  was  
co l l ec ted  by means  o f  a  v a l i da ted  ques t ionna i re  and  a  phys i ca l  
examina t ion.  The lev e l  o f  s ign i f i cance  f o r  assoc ia ted  f ac to r s  was  
se t  a t  0 . 05 .  
 
The resu l t s  revea led  a  l i f e t ime p reva lenc e o f  82.50%,  one  year  
p reva lence  o f  78 .80% and  po in t  p reva lence  o f  23 .80%.  
Ado lescen ts  w i th  LBP hav e dec reased endurance  o f  the  t runk  
ex tensor  musc les  bu t  i nc reased endurance  o f  t he  t runk  f l exo r  
musc les ,  wh ich i s  s t a t i s t i ca l l y  s ign i f i c ant  (p= 0.044) .  Lumbar -
pe lv i c  i ns tab i l i t y  i s  not  ass oc ia ted  w i t h  ado lesc en t  LBP.  Ex tensor  
t runk  musc le  enduranc e  and  poor  lumbar  pe lv i c  s tab i l i t y  s how an  
assoc ia t i on  (p=0.031) ,  w i th  those ado lescen ts  w i t h  dec reas ed 
t runk  ex tensor  mus c le  endurance  p resen t ing w i th  poor  l umbar -
pe lv i c  s t ab i l i t y .   
 
A  f am i ly  h i s t ory o f  LBP i s  s ign i f i can t  f o r  po in t  preva lence  o f  LBP 
(p= 0.012) ,  and  one-year  p reva lence o f  LBP is  m arg ina l l y  
s ign i f i c ant  (p= 0 .086) .  Low ac t iv i t y  l eve l  pa r t i c i pa t i on  was  repor ted 
by a  l a rge percentage  o f  a l l  s ub jec ts .  S eden ta ry ac t i v i t y  
pa r t i c i pa t i on is  modera te  in  t he  LBP g roup ,  bu t  t he resu l t s  are  not  
s t a t i s t i ca l l y  s ign i f i c an t .   
 
There  is  a  need  fo r  p reventa t i ve  s t ra teg ies  t o  decreas e t he  
p reva lence  o f  ado les cent  LBP.  I ncreas ed awareness  o f  LBP and 
po ten t ia l  r i sk  f ac to rs  needs  t o  be addressed .   
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CHAPTER 1 - INTRODUCTION 
 
1.1 INTRODUCTION AND PROBLEM STATEMENT 
 
Low B ack Pa in  (LBP)  i s  an  ex t remely common cause o f  d iscomfor t  
i n  modern  soc ie t y  (L imon e t  a l ,  2004) .  LBP in  sc hoo l  aged  
ch i l d ren  i s  m ore f requen t  than  p rev ious l y  though t  (Bur ton  e t  a l ,  
2006) .  I t  has  been  suggested  tha t  the  s tudy o f  ado lescen t  LBP  
may g i ve  i ns ight  in t o  the  common occur rence  o f  adu l t  LBP 
(Fa i rbank e t  a l ,  1984) ,  and t hat  ado lesc ent  LBP has  impor tant  
consequences f or  t he occ ur rence o f  adu l t  LBP (W atson  e t  a l ,  
2002) .   
 
I n  t he  adu l t  popu la t i on  recur rent  and  c h ron ic  bac k  pa in  is  one o f  
t he h ighest  causes  res pons ib le  fo r  absen tee ism f rom work   
(A ndersen e t  a l ,  2006 ;  Bur ton  e t  a l ,  2006) ,  w i t h  the l i f e t im e  
p reva lence  o f  non-spec i f i c  LBP in  indus t r ia l i sed coun t r i es  
es t imated be tween  60% to  70% (Bur ton  e t  a l ,  2006;  Bur t on ,  2005) .   
 
LBP causes  a  ma jo r  ec onom ic  and med ica l  p rob lem (Ta ime la  e t  
a l ,  1997) .  A  p rev ious  h is to r y of  LBP and  ear l y  onse t  o f  LBP show 
an  as soc ia t i on  w i th  adu l t  LB P,  t he re fo re  p reven t ing LBP in  
ado lescen ts  may have  a  pos i t i ve  impact  i n  adu l t hood  (Fe ldman e t  
a l ,  2001) .  I t  i s  impor tan t  t o  unders tand  the l i nk  between  
ado lescen t  and  adu l t  LBP i f  p rev enta t iv e  p rogrammes  a re  t o  be 
e f f ec t i ve  (Hes tbaek  e t  a l ,  2006) .  Researc h must  focus  on t he 
young  popu la t i on  (Hestbaek  e t  a l ,  2006 ;  Leboeuf -Yde  and  Kyv ik  
K ,  1998)  as  i t  has  been  shown t ha t  more than  ha l f  t he  popu la t ion  
w i l l  have LBP befo re  the age  o f  20 (Hestbaek  e t  a l ,  2006) .   
 
Numerous  poss ib le  r i sk  f ac to rs  f or  the  oc cur rence  o f  ado lescen t  
LBP have been  iden t i f ied  (Bernard e t  a l ,  2008 ;  A rab  e t  a l ,  2007 ;  
Anders en e t  a l  2006 ;  E vans  e t  a l ,  2006 ;  M ikke lson e t  a l ,  2006;  
Demou l in  e t  a l ,  2004 ;  S jo l i e  and L junggren ,  2001 ;  I to  e t  a l ,  1996;  
Sa lm inen e t  a l ,  1992) .  Sub jec ts  w i th  LBP p res ent  wi th  t runk  
musc le  impa i rm ent  ( I t o  e t  a l ,  1996) ,  w i t h  musc le  imbalanc es and  
movem ent  dys f unc t i on in  e i the r  t he l oca l  or  t he  g loba l  m usc le  
sys tem (Comer fo rd  and  Mot t ram,  2001) .   
 
A  mu l t id is c ip l ina ry approac h and  pers pec t i ve  s t ud ies  a re  
necess ary when  dea l i ng  w i th  ado lescen t  LBP as  the  ex per ienc e 
and  ex press ion  o f  pa in  i s  i n f l uenced  by matura t i on o f  the 
musc u los ke le ta l ,  emot iona l  and  c ogn i t i ve  sys tems,  and  i s  
i n f l uenced by the  soc ia l  and  psychosoc ia l  su r round ings  (Ta im ela  
e t  a l ,  1997) .    
 
An  ex tens ive  l i t e ra tu re  rev iew revea led  t hat  l umbar -pe lv i c  s t ab i l i t y  
and  t runk  musc le  endurance  in  ado les cen ts  have  not  been  
inves t i ga ted in  t he same s tudy.  Dec reased  t r unk  mus c le  
endurance  is  s ign i f i can t l y  ass oc ia ted  wi t h  ado lescent  LBP  
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(B ernard e t  a l ,  2008 ;  A rab e t  a l ,  2007 ;  Sa lm inen  e t  a l ,  1992) ,  but  
no  as soc ia t i on  has  been  recorded  be tween  lumbar -pe lv ic  
i ns tab i l i t y  and  ado lescent  LBP (J ordaan,  2005) .  Th is  s t udy w i l l  
i nves t i ga te  both  t runk  mus c le  endurance  and  lumbar-pe lv ic  
i ns tab i l i t y .  The  c on t r i bu t ion  o f  phys ica l  r i sk  f ac to rs  r ema ins  
uncer t a in ,  w i th  the  ev idence o f  t he  ass oc ia t i on  between  
ado lescen t  LBP and  r i sk  f ac tors  conf l i c t i ng  and  l im i ted  (Per ry e t  
a l ,  2009) .                             
 
I den t i f i c a t i on  o f  pos s ib le  r i sk  f ac to rs  tha t  can  be m od i f i ed  i n  
ado lescen t  LBP is  impor t an t  fo r  e f fec t ive  managem ent  and  
p reven t ion o f  f u ture  LBP as  an adu l t  (Per ry e t  a l ,  2009) .   
 
1.2 RELEVANCE OF THE STUDY 
 
The repor t ed  p reva lenc e o f  ado lescen t  LBP  i s  h igh  and  represen ts  
a  pub l i c  hea l th  i ssue .  The South  A f r i can  Depar tm ent  o f  Hea l t h  
(Hea l t h P ro toco l  1999)  h igh l i gh t  the  need  to  p rov ide f or  
appropr ia t e  ch i l d  and  ado les cent  hea l th  se rv i ces  essent ia l  f o r  the  
f ounda t ion f o r  g rowth  and  deve lopment .  There is  l im i ted  res earch 
ava i l ab le  on the  ado lesc ent  popu la t i on  i n  S outh  A f r ica  i n  regards  
t o  LBP .  Th is  researc h  repor t  w i l l  be  a  p r imary  s t ep in  an  impor tant  
pub l i c  hea l t h  i ss ue.  By de te rm in ing the aet io log i ca l  fac tors  o f  
ado lescen t  LBP i t  w i l l  be  poss ib le  to  pu t  i n t o  p lace  cos t -e f f ec t i ve  
p reven ta t i ve  s t ra teg ies  o r  rehab i l i t a t i on  p rogrammes  t hat  w i l l  
bene f i t  t he  ado lescen t .   
                                                                                           
1.3 RESEARCH QUESTION 
 
The research  ques t ion is :  
 
I s  dec reased  lumbar  musc le  endurance  and  lumbar -pe lv i c  
i ns tab i l i t y  assoc ia ted  w i th  ado lescen t  l ow back  pa in? 
 
1.4 STUDY OBJECTIVES 
 
1.4.1 Aim of the study 
 
The a im of  the  s tudy  i s  t o  es tab l ish  t he ass oc ia t i on  between  
dec reased  t r unk  m usc le  endurance and  lumbar-pe lv ic  i ns tab i l i t y  i n  
ado lescen t  l ow bac k  pa in .  
 
1.4.2 Objectives 
 
1 .  To  es tab l i sh  t he  ass oc ia t i on  between  dec reas ed  t runk  
 musc le  endurance and  LBP in  ado lescen ts .  
2 .  To  es tab l i sh  t he  ass oc ia t i on  between  lumbar -pe lv i c   
 i ns tab i l i t y  and  LBP in  ado lescent s .  .  
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3 .  To  es tab l ish  t he ass oc ia t i on  between  t runk  musc le  
 endurance  and  lumbar -pe lv ic  i ns tab i l i t y  i n  ado lescen t s  
 
1.5 ORGANISATION OF THE RESEARCH REPORT  
 
Chapter  1  
 
An in t roduc t ion  t o  t he research top ic  i s  g i v en in  t h i s  chap te r .  The  
p rob lem of  ado lescen t  and  adu l t  LBP i s  p resented .  The  research 
ques t ion and  a ims  and ob jec t i ves  o f  t he  research  repor t  a re  l a id  
ou t .   
 
Chapter  2  
 
A rev iew of  the l i te ra tu re  i s  p resented  in  th is  chap ter .  Aspec ts  
i nc luded  in  the  l i te ra tu re  rev iew inc lude :  ado lescent  LBP,  adu l t  
LBP,  the  l ink  be tween  ado les cen t  and  adu l t  LBP,  Lum bar  s p ine  
f unc t i on  and s tab i l i t y ,  m usc le  f unc t ion,  lum bar -pe lv i c  s t ab i l i t y  and  
lumbar  dys f unc t i on .  
 
Chapter  3  
 
The methodology  o f  t he s t udy i s  p res ented  in  th is  chap te r .  I t  w i l l  
i nc lude  t he  s amp le  popu la t i on  and  s i ze  as  we l l  as  t he  i nc lus ion 
and  ex c lus ion c r i te r i a .  The m eas ur ing  i ns t ruments  and  the            
phys i c a l  asses sment  used  fo r  da ta  co l l ec t ion  w i l l  be  d is cussed .  
E th i ca l  c ons idera t i on  and  s ta t is t i ca l  ana lys i s  w i l l  a lso  be  covered 
in  th i s  chapte r .  
 
Chapter  4  
 
The resu l t s  o f  the  s t a t i s t i ca l  ana lys i s  are  p resen ted,  i n te rp re ted  
and  d i sc ussed in  t h i s  chap te r  
 
Chapter  5  
 
The ma in  f i nd ings  of  the  s tudy  a re  d i scussed  in  t h is  chap te r .   
 
Chapter  6  
 
The conc lus ion  o f  the s t udy i s  d i scus sed  in  th is  chap ter ,  as  wel l  
as  c l i n ica l  r ecommendat ions  and  recommendat ions  for  f u tu re  
research.  
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CHAPTER 2 – LITERATURE REVIEW 
 
2.1 INTRODUCTION 
 
Th is  c hapte r  w i l l  rev iew the cu r rent  l i t e ra tu re  cover ing  ado les cent  
LBP,  adu l t  LBP and  the poss ib le  l ink  between  ado lesc en t  and 
adu l t  LBP.  S p ina l  func t i on  and dys func t i on w i l l  be  rev iewed.  The  
l i t e ra tu re  revea led  no  s tud ies  cover ing  t he  deve lopment  o r  
occur rence o f  lumbar  dys func t i on i n  ado lescen ts .  Lum bar  s p ine  
mechan ics  and dys func t i on i n  adu l ts  w i l l  t he re fo re  be d i scussed .  
R isk  f ac to rs  f o r  the  dev e lopm ent  o f  ado lesc en t  LBP wi l l  be  
p resen ted  and d i scussed.  
 
A  l i t e ra ture  search  was  c onduc ted on  the f o l l ow ing  da tabases:  
Pub  Med and  Pedro  and  inc luded Eng l i sh  A r t i c l es  pub l i shed  
be tween  1992  and  J une 2009 .  Keywords  used  were ado lescen t ,  
adu l t ,  an th ropomet r ic ,  dys func t i on,  enduranc e ,  ep idem io logy,  
g rowth ,  i ns tab i l i t y ,  l ow back  pa in ,  moto r  c ont ro l ,  p rev a lenc e,  and 
r i sk  f ac to rs .  
 
2.2 LOW BACK PAIN 
 
“Pa in  is  a  c omp lex  s ymptom that  can  be  a f fec ted by  a  va r ie ty  o f  
phys ica l  and psycho log ica l  fac to rs ”  (Bar r  e t  a l ,  2007) .  
 
2.2.1 Introduction 
 
LBP is  def i ned as  pa in  and d i scomfor t ,  l oca l i sed  be low t he  c os ta l  
marg in  and  above  the in f e r i o r  g lu tea l  f o lds ,  w i t h  o r  w i thou t  l eg  
pa in ,  not  a t t r i bu ted  to  recogn isab le ,  known spec i f i c  pa tho logy  
(Mas ie ro  e t  a l ,  2008 ;  Bur ton  e t  a l ,  2006) .  Non-spec i f i c  LBP i s  
de f i ned  as  LBP no t  a t t r i bu ted  to  recogn isab le ,  known spec i f i c  
pa tho logy (Bur ton e t  a l ,  2006) .  In  85% of  peop le ,  pa in  canno t  be 
a t t r i bu ted t o  patho logy (Bur ton ,  2005) .  LBP i s  ra re l y  a  se l f -
l im i t i ng  d i so rder  bu t  i s  charac te r i sed  by  unpred ic t ab le  va r ia t i ons  
i n  pa in  s t a tus  w i th  tempora ry rem iss ions  (Hes tbaek e t  a l ,  2006) .  
LBP is  an  iss ue fo r  a l l  ages  and  in  a l l  s ec tors  o f  s oc ie ty  (B ur ton ,  
2005) .   
 
Th is  s ec t i on  w i l l  g i ve  an overv iew of  the p reva lence o f  LBP in  
ado lescen t  and  adu l t s ,  and  t he  poss ib le  l i nk  between  ado lescen t  
and  adu l t  LBP.  
 
2.2.2 Low back pain in Adolescents 
 
The knowledge  o f  t he na tu ra l  c ourse  o f  ado lescen t  LBP i s  l im i t ed  
(Hestbaek  e t  a l ,  2006) .  The  p reva lence  o f  ado lesc ent  LBP is  
re la t i ve l y  h igh  (Bur t on  e t  a l ,  1996) ,  bu t  the  unders tand ing  
regard ing  the ae t io logy o f  s uch pa in  is  poor  (W atson e t  a l ,  2003) .   
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Ado lescen t  LB P was  p rev ious l y  t hough t  t o  be ra re  and  ind i cate 
se r ious  pa tho logy (Anders en e t  a l ,  2006 ;  Ba lague  e t  a l ,  1999) .  
La te r  s t ud ies  revea l  t ha t  LBP in  sc hoo l  ch i l d ren  is  m uch  more 
f requent  than prev ious l y  though t  (Bur ton  e t  a l ,  2006) ,  and  is  a  
common com pla in t  i n  ado les cents  (Anders en e t  a l ,  2006 ;  Kovac s  
e t  a l ,  2003 ;  Fe ldman e t  a l ,  2001 ;  Bur t on  e t  a l ,  1996 ;  Ta ime la  e t  
a l ,  1997 ;  Fa i rbank  e t  a l ,  1984) ,  w i th  t he p reva lence  o f  LBP dur ing  
sc hoo l  age  approach ing  t ha t  seen in  adu l ts  (Bur ton e t  a l ,  2006;  
Bur ton ,  2005) .  Ado lesc ent  LBP becomes inc reas ing ly  r ecur ren t  
w i th  t ime (Ta imela  e t  a l ,  1997;  B ur ton  e t  a l ,  1996) .   
 
S tud ies  o f  l ow back  pa in  i n  c h i l d ren  i nd i cate  that  LBP dur ing  
sc hoo l  years  has  a  re la t i ve l y  h igh  preva lence.  S ta t i s t i cs  vary f rom 
coun t ry  to  coun t r y :  F in land 20%,  Eng land  26%,  Canada  33%,  
Un i ted S ta tes  36% and Swi tze r land  51% (B ur ton e t  a l ,  1996) .  In  a  
s t udy o f  7542 ado les cents  i n  a  s t udy by  Mas ie ro  e t  a l .  ( 2008) ,  the  
repor t ed  p rev a lenc e o f  LBP was  20 .5%.  Ba lague  e t  a l .  (1999)  
repor t ed  t he  l i f e t ime p reva lence  o f  LBP among ch i l d ren  and  
ado lescen ts  between 31% and 51%.  The  resu l t s  o f  a  p reva lence  
s tudy conduc ted in  Nor t h  Gau teng,  Sou th  A f r i ca ,  ind ic a te  a  
l i f e t ime p reva lence  o f  ado lesc en t  LBP of  52.6%,  one-  year  
p reva lence  o f  50% and po in t  p rev a lenc e o f  14.7% (Jordaan ,  
2005) .  
 
The unders tand ing  regard ing  t he  ae t io logy  o f  ado lescen t  LBP wi t h  
no  apparen t  c l i n i ca l  cause  is  poor  (W ats on e t  a l ,  2003) ,  bu t  
se r ious  pa tho logy i s  unc ommon (W atson e t  a l ,  2002) .  LBP in  
sc hoo l  ch i l d ren  is  a  hea l t h  p rob lem that  requ i res  more  a t ten t i on  
and  resources  (Mas ie ro  e t  a l ,  2008) ,  w i t h  t he poss ib i l i t y  that  t he 
s t udy o f  ado lesc en t  LBP may g i ve  ins igh t  i n t o  t he  common 
occur rence o f  adu l t  LBP (Fa i rbank e t  a l ,  1984) ,  as  a  p rev ious  
h i s t o ry and ear l y  onse t  o f  LBP a re  assoc ia ted w i t h  adu l t  LBP 
(Fe ldman et  a l ,  2001) .  The  s ymptom of  LBP in  ado les cen ts  may 
have  impor tan t  c onsequenc es  f o r  the  occur renc e o f  adu l thood  
LBP,  par t i cu lar l y  as  i t  i s  so  common (W atson  e t  a l ,  2002) .   
 
2.2.3 Low back pain in Adults 
 
LBP is  an  iss ue fo r  a l l  ages  and  a l l  sec to rs  o f  soc ie ty  (Bur t on  e t  
a l ,  2006 ;  Bur t on,  2005) .  Non-spec i f i c  LBP in  i ndust r ia l i sed  
coun t r i es  rema ins  a  majo r  pub l ic  hea l th  bu rden (Demou l in  e t  a l ,  
2004) .  The  l i f e t ime  p reva lence o f  non-s pec i f i c  adu l t  LBP in  
i ndus t r i a l i zed  coun t r i es  is  es t imated  be tween  60-90% (B ur ton e t  
a l ,  2006 ;  Bur t on,  2005 ;  Poo l -Goudzwaard e t  a l ,  1998 ;  Sa lm inen  e t  
a l ,  1995) ,  w i th  t he i nc idence  inc reas ing  w i t h  age  (Har reby,  1995) ,  
mak ing  LBP one  o f  t he mos t  common and  cos t l y  comp la in ts  i n                    
t oday ’ s  s oc ie ty  (A rab  e t  a l ,  2007) .  A t  l eas t  10% of  adu l t  LBP                                 
becomes  ch ron ic .  Th is  rep resen ts  a  s ign i f i can t  econom ic  and  
med ica l  p rob lem (Ta ime la  e t  a l ,  1997) .  The  cause in  70% to  80% 
of  i nd i v idua ls  i s  unc lea r  (Poo l -Goudzwaard  e t  a l ,  1998) .  Many  
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adu l t s  f o rge t  the i r  ea r l i e r  ep is odes  o f  ado lescent  LBP,  none  t he 
l ess ,  some ado lesc en t  ex per ience  o f  LBP m ay s ubs equen t l y  re la te  
t o  symptoms as  an  adu l t  (Bur t on  e t  a l ,  1996) .  LBP in  adu l t hood 
has  a  h igh  p reva lenc e  and  a  l a rge im pac t  on  i nd i v idua ls  and 
soc ie t y ,  r equ i r i ng  s t ud ies  on the  ear l y  s tages o f  the  prob lem 
(S a lm inen  e t  a l ,  1995 ;  Sa lm inen e t  a l ,  1992) .   
 
2.2.4  Adolescence to Adulthood  
 
Recen t  su rveys  repor t  a  h igh p reva lence  o f  LBP in  ch i l d ren  and 
ado lescen ts  t hat  inc reases  w i th  age ,  w i th  a  pos i t i ve  co r re la t ion  
be tween  low back  pa in  i n  ado lesc ence  and  that  exper ienced  in  
adu l thood  (L imon e t  a l ,  2004 ;  Ba lague  e t  a l ,  1999) .  I t  has  been  
sugges ted t hat  the  i nves t iga t i ons  in t o  ado lescen t  LBP may g i v e  
i ns igh t  i n to  the f requen t  p resenta t ion  o f  adu l t  LBP (Fa i rbank e t  a l ,  
1984) ,  as  ado les cen t  LBP may have a  p red ic t i ve  v a lue  f o r  t he  
occur rence o f  adu l t  LBP (Hes tbaek  e t  a l ,  2006 ;  L imon e t  a l ,  2004 ;  
Fe ldm an et  a l ,  2001 ;  Ba lague  e t  a l ,  1999) .  A  cohor t  s t udy  by 
Hes tbaek  e t  a l .  ( 2006)  covered t he t rans i t i on  f r om c h i l dhood  in t o  
adu l thood  and  showed a  s ign i f i can t  i nc rease  in  the  probab i l i t y  o f  
ge t t i ng  LB P as  an adu l t ,  i f  t he  sub jec t  had  ado lesc en t  LBP.  LBP  in  
ado lescence i s  a  s ign i f i c ant  r i sk  f ac to r  fo r  adu l t  LBP (A ndersen e t  
a l ,  2006 ;  Hestbaek  e t  a l ,  2006 ;  Bur ton ,  2005 ;  Fe ldman e t  a l ,  2001;  
Har reby ,  1995)  and  t he r i sk  i nc reases  w i th  i nc reas ing dura t i on  o f  
LBP in  ado lesc enc e ,  and is  i ndependen t  o f  age and  gender  
(Hestbaek  e t  a l ,  2006) .  In  a  s tudy by B ra t tbe rg  as  c i ted  by  
Ba lague  e t  a l .  ( 1999) ,  i t  was  repor ted  that  adu l t  sub jec ts  who 
repor t ed  ado lescen t  LBP,  demonst ra ted  h igher  cum ula ted  and  
po in t  p reva lence o f  LBP,  a  h igher  number  o f  hosp i ta l  adm iss ions  
f o r  LBP as  we l l  as  reduced  work  capac i t y .   
 
I n  a  rev iew of  c u r ren t  l i t e ra tu re  Bur t on  e t  a l .  (2006)  conc luded  
t hat  the re  is  no  ev idence t hat  a t tempts  to  p reven t  LBP in  
sc hoo lch i l d ren  w i l l  have any  impac t  on adu l t  LBP,  but  s ta tes  that  
t he mos t  power fu l  r i sk  f ac to r  fo r  LBP i s  a  p rev ious  h is t o ry o f  LBP.  
A  need  ex is t s  to  es tab l i s h  t he na tu re  o f  t he  ass oc ia t ion  be tween  
ado lescen t  LBP and  adu l t  LBP (Hes tbaek e t  a l ,  2006) .  
Imp lement ing  p reven ta t i ve  measures  i n  sc hoo ls  m igh t  se rve an  
impor tant  func t i on (Har reby,  1995) ,  and  hav e  a  pos i t i ve  impact  i n  
adu l thood  (Fe ldman e t  a l ,  2001) .   
 
Unders tand ing the  ae t io logy o f  ado les cent  LBP may he lp  t o  
unders tand  t he  aet io logy o f  adu l t  LBP and may ass is t  i n  des ign ing  
appropr ia t e  i n te rven t ions  to  re l i eve the  burden  o f  ch ron ic  adu l t  
LBP on s oc ie ty  (W ats on e t  a l ,  2002) .  
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2.3 RISK FACTORS FOR ADOLESCENT LOW BACK PAIN 
 
2.3.1 Age 
 
Prev a lenc e  and inc idence o f  ado lescen t  LBP inc reases  w i t h  age  
(W ats on e t  a l ,  2002 ;  Fe ldm an et  a l ,  2001;  Ba lague e t  a l ,  1999 ;  
Ta ime la  e t  a l ,  1997 ;  Bur t on  e t  a l ,  1996 ;  Harreby ,  1995;  Sa lm inen  
e t  a l ,  1992) ,  pa r t i cu la r l y  ev iden t  among ch i l d ren  th i r teen  years  o f  
age  o r  o lde r  (Ba lague  e t  a l ,  1994 ;  Ba lague  e t  a l ,  1993) .  In  a  
l ong i tud ina l  s tudy  by Bur ton e t  a l .  (1996)  l i f e t ime  p rev a lence o f  
LBP rose  f rom 11.6% at  age 11+  t o 50 .4% a t  age  15+ ,  on av erage 
a  10% annual  i nc rease .  I n  a  s t udy by  A ndersen  e t  a l .  ( 2006)  t he 
mean age  o f  repor t ed  f i r s t  t ime  LBP was  13 .3  years .   
 
Leboue f -Yde  and  K yv ik .  ( 1998)  documented  t he  repor t i ng  o f  LB P 
in  g i r l s  s l i gh t l y  ea r l ie r  t han boys ,  pos s ib l y  a t  the  t ime  o f  puber ty ,  
bu t  Fa i r bank  e t  a l .  ( 1984)  repor t s  the  age  o f  onset  to  peak  a t  age  
14  in  g i r l s  and age  13  in  boys .  Gr immer  and W i l l i ams  (2000) ,  
repor t ed  an e lev ated  preva lence in  boys  a  year  l a te r  t han  in  g i r l s ,  
wh ich  may re f l ec t  a  re la t i ons h ip  be tween  LBP and  rap id l y  g rowing  
musc u los ke le ta l  s t ruc tu res .  Korov ess is  e t  a l .  (2004)  repor ts  g i r l s  
show the  h ighes t  p reva lence  o f  LBP a t  age  11 years ,  and boys  a t  
15  years ,  w i t h  a  progress ive  i nc rease  in  LBP wi t h  t he  onse t  o f  
puber t y  t i l l  15  years  o f  age .   
 
The d i f f e rence  seen  be tween t he genders  w i th  regards  to  age a t  
wh ich  LBP is  f i rs t  ex per ienc ed  may be  due to  gender  d i f fe renc es  
in  peak g rowth  ra tes ,  w i t h  g i r l s ’  g rowth  ra tes  peak ing a t  13  years  
and  boys ’  g rowth  ra tes  peak ing a t  15  years  o f  age  (Gr imm er  and  
W i l l i ams ,  2000) .   
 
2.3.2 Gender 
 
The p reva lence  o f  back  pa in  appears  to  be  h igher  among g i r l s  
t han  among boys  (Mas ie ro  e t  a l ,  2008 ;  K orovess i s  e t  a l ,  2004 ;  
Kovac s  e t  a l ,  2003 ;  v an  Gent  e t  a l ,  2003 ;  W atson  e t  a l ,  2002 ;  
G r immer  and W i l l iams ,  2000 ;  Ba lague  e t  a l ,  1999;  Ba lague  e t  a l ,  
1994) ,  w i th  f ema le  gender  a  s ign i f i c ant  r i sk  f ac to r  fo r  ado lescen t  
LBP (B a lague e t  a l ,  1999) .   
 
Bur ton  e t  a l .  (1996)  r epor ted  a  s im i la r  p reva lence in  boys  and  
g i r l s  up  t o  t he age  o f  11+  but  the reaf t er  boys  repor t ed  a  h igher  
p reva lence ,  w i t h  60% preva lence in  boys  15+ and  40% preva lenc e 
in  g i r l s  15+ .  Ta ime la  e t  a l .  (1997)  repor t  no d i f f e rence  in  the 
p reva lence  o f  LBP in  g i r l s  and boys .   
 
2.3.3 Family History 
 
There  is  s ign i f i c an t  assoc ia t i on  between  ado lesc en t  LBP and a   
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pos i t i ve  f ami l y  h i s to r y o f  LBP (Mas ie ro  e t  a l ,  2008;  Ba lague  e t  a l ,  
1999 ;  Ba lague  e t  a l ,  1994) .  Ch i l d ren  w i t h  a  paren t  who  has  been 
t rea ted f or  LBP a re  more  l ik e l y  t o  repor t  LBP themse lves  (Ba lague   
e t  a l ,  1994) ,  S jo l ie ,  (2004) ,  S jo l i e ,  (2002)  and  Har reby e t  a l .                      
(1995) ,  r epor t  no  ass oc ia t i on  be tween  ado lescent  LBP and  a  
f am i l i a l  h i s t o ry o f  LBP.  
 
2.3.4 Anthropometric Parameters  
 
Ba lague  e t  a l .  ( 1999)  s t a te  t ha t  the  assoc ia t ion  be tween  LBP and  
an th ropom et r ic  f ac to rs  r ema ins  unprov ed.  A  number  o f  s tud ies  
repor t  no assoc ia t i on  be tween  any an th ropomet r ic  charac te r i s t i cs  
and  LBP (Mas ie ro  e t  a l ,  2008 ;  Korovess is  e t  a l ,  2004 ;  Kov ac s  e t  
a l ,  2003 ;  W atson  e t  a l ,  2003 ;  Gr immer  and  W i l l i ams,  2000 ;  
Sa lm inen e t  a l ,  1995) .  In  a  s tudy by Fa i rbank  e t  a l .  (1984)  an 
assoc ia t i on  be tween inc reased  we igh t  and the occur rence  o f  LBP 
has  been  repor t ed ,  and in  a  s t udy by  Sa lm inen  e t  a l .   ( 1992)  t hey 
no ted  tha t  s ymptomat ic  boys  o f  15 years  o f  age were ta l l e r  than 
asymptomat i c  boys .   
 
2.3.5 Physical  Activity 
                                                                                      
There  a re  conf l i c t i ng  f i nd ings  repor ted  w i t h  regards  to  the 
assoc ia t i on  be tween LBP and  phys i ca l  ac t i v i t y .  Some s tud ies  
repor t  an assoc ia t i on  be tween  LBP and  no  phys i ca l  ac t iv i t y  o r  l ow 
f requenc y o f  phys i ca l  ac t iv i t y  pa r t i c i pa t i on,  w i th  spor ts  av o iders  
repor t i ng  a  h igher  p reva lence  o f  LBP (Mas ie ro  e t  a l ,  2008 ;  S jo l i e ,  
2004 ;  van Gent  e t  a l ,  2003;  Sa lm inen  e t  a l ,  1995;  Fa i rbank  e t  a l ,  
1984) ,  wh i l e  o ther  s tud ies  repor t  t ha t  h igh spor ts  par t i c ipa t i on ,  
pa r t i cu la r l y  par tak ing  i n  com pet i t i ve  spor ts  ac t iv i t i es ,  i s  
s ign i f i c ant l y  assoc ia ted w i t h  LBP (B ur ton  e t  a l ,  2006 ;  Jo rdaan ,  
2005 ;  W atson e t  a l ,2003 ;  Ba lague  e t  a l ,  1999 ;   Ba lague e t  a l ,  
1994) ,  w i t h t he r i sk  dependen t  on the  t ype  o f  ac t i v i t y  o r  s por t ,  t he  
l eve l  o f  compet i t ion  and  the  in t ens i t y  o f  t ra in ing (Ba lague  e t  a l ,  
1999) .  S jo l i e  ( 2004)  s ta te  t hat  t ime spen t  pa r t i c i pat i ng  in  phys i ca l  
ac t iv i t y  i s  p ropor t iona l l y  ass oc ia ted  wi t h  dec reas ing  leve ls  o f  LBP 
(S jo l i e ,  2004) .   
 
I t  has  been  sugges ted that  l ow ac t iv i t y  sub jec ts  demons t ra te  
musc le  a t rophy (Sa lm inen  e t  a l ,  1995)  and  decreas ed  musc le 
endurance  (Andersen  e t  a l ,  2006) ,  and  cou ld  be t he cause  o f  LBP,  
o r  the  consequence  o f  recur rent  o r  cont inuous  LBP (S a lm inen e t  
a l ,  1995) ,  wh i l e  regu la r  pa r t i c i pat ion  i n  spor t s  appears  t o  be  
p ro tec t iv e  o f  LBP in  ado lesc en ts  (Gr immer  and  W i l l i ams ,  2000) ,  
w i th  regu la r  per f orm ance  o f  non-s t renuous  phys i ca l  ac t iv i t y  
impor t ant  fo r  t runk  musc le  s t reng th  and  endurance (L imon e t  a l ,  
2004) .  Par t i c i pa t ing i n  r egu la r  phys i c a l  ac t iv i t y  cou ld  p revent  
LBP,  due  t o co r rec t l y  pe r f o rmed moto r  ac t i v i t y  wh ich  resu l t s  in  
improv ed  musc le  s t rength  and f l ex ib i l i t y  (Mas ie ro  e t  a l ,  2008) .  
Phys i ca l  ac t i v i t y  du r ing  ado les cence  and  growth  bu i l ds  t runk  
s t rength  and endurance  and may improv e t he deve lopment  o f  t he  
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l ow back  m uscu la tu re  s t ruc tu res  wh ic h  may f ac i l i t a t e  op t ima l  l ow 
back  f unc t i on (Mikke ls on  e t  a l ,  2006) .  
 
Spor ts  ac t iv i t y  o f  be tween  0 -8  hours  a  week  s eems to  be  saf e                    
accord ing to  Ba lague  e t  a l .  ( 1994) .  The  r isk  o f  i n ju r i es  inc reases  
when  t he  f requency o f  t r a in ing i s  more  t han 10  hours  a  week 
(B a lague  e t  a l ,  1994) ,  wh i l e  Kovacs  e t  a l .  ( 2003)  repor t  tha t  
pa r t i c i pa t i on of  any  s por ts  ac t i v i t y  more t han  tw ice  a  week  is  
s ign i f i c ant l y  assoc ia ted w i t h  LBP.   
 
The benef i t s  o f  pa r t i c ipa t i ng  i n  phys i ca l  ac t i v i t y  du r ing  
ado lescence as  a  p red ic t o r  o f  r educed  adu l t  LBP needs  f u r t he r  
i nves t i ga t i on  (Mikke lson e t  a l ,  2006) .  Bur t on (2005)  summar i sed 
t he European  gu ide l i nes  fo r  p revent ion i n  LBP in  wh ich  i t  was  
conc luded  tha t  t he re  i s  no ev idence t hat  spor ts  pa r t i c i pa t i on  o r  
be ing  phys i ca l l y  ac t ive  has  a  p reven ta t ive  e f f ec t  on  ado lesc ent  
LBP,  and  t ha t  there  is  i ns uf f i c i ent  ev idenc e t o  r ec ommend a  
l im i t a t i on  o f  inv o lv ement  i n  com pet i t i ve  spor ts  pa r t i c ipa t i on  as   a  
p reven ta t i ve  measure  f or  ado lescen t  LBP.   
 
2.3.6 Sedentary Act ivity 
                        
Prev a lenc e  o f  ado lescent  LBP inc reas es  as  seden tary ac t i v i t y  
l eve l s  i nc rease (Jo rdaan ,  2005 ;  G r immer  and W i l l i ams ,  2000 ;  
Ba lague  e t  a l ,  1999 ;  Ba lague  e t  a l ,  1994) .  S jo l i e ,  (2004)  repor ts  a  
pos i t i ve  c or re la t i on  between  ado lescen t  LBP and  more  t han 15  
hours  per  week  spen t  wa t ch ing  t e lev i s ion o r  compute r  work .  I t  i s  
sugges ted t hat  th is  cou ld  be due  t o  t he  p ro longed s i t t i ng  pos i t i on ,  
bad  pos tu re  and the l ack  o f  phys i c a l  ac t iv i t y  (B a lague e t  a l ,  1999;  
Ba lague  e t  a l ,  1994) .   
 
O ther  s t ud ies  repor t  no assoc ia t i on  be tween  LBP and hours  o f  
pa r t ak ing i n  seden ta ry  ac t iv i t ies ,  i nc lud ing ,  wa t ch ing  t e lev i s ion 
and  us ing  compute rs  (Kovacs  e t  a l ,  2003 ;  van Gent  e t  a l ,  2003 ;  
W atson e t  a l ,  2003) .    
 
Bur ton  (2005)  summar i sed the European  gu ide l i nes  f o r  preven t ion  
i n  LB P in  wh ich  i t  was  conc luded  tha t  t he re  i s  no ev idenc e t hat  
dec reas ing  seden ta ry  ac t iv i t i es  w i l l  hav e a  preven ta t ive  e f f ec t  on 
ado lescen t  LBP.   
 
2.3.7 Muscle Endurance 
 
Mus c le  endurance i s  def i ned as  the ab i l i t y  to  p roduce work  ov er  
t ime o r  t he ab i l i t y  t o  sus ta in  e f f or t  ( I t o  e t  a l ,  1996) .  Musc le  
endurance  has  been  s hown to  be  p ro tec t i ve  aga ins t  LBP (McG i l l ,  
2001) .  Dec reased t runk  m usc le  endurance ,  w i t h  a  mod i f ied  back   
f l ex o r  to  ex tensor  ra t i o ,  has  been  recorded  in  ado lescen t s  w i t h  
LBP and iden t i f i ed  as  a  poten t ia l  r i sk  f ac to r  f o r  LBP as  l oss  o f  
musc le  cont ro l  f o l l ows  t runk  musc le f a t i gue (Bernard  e t  a l ,  2008 ;  
A rab  e t  a l ,  2007;  Andersen e t  a l ,  2006;  Evans  e t  a l ,  2006 ;   
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Mik ke lson e t  a l ,  2006 ;  Demou l in  e t  a l ,  2004 ;  S jo l i e  and L junggren ,  
2001 ;  I t o  et  a l ,  1996 ;  S a lm inen e t  a l ,  1992) .  Converse ly  h igh  bac k  
musc le  endurance s t r ength  is  ass oc ia ted  w i th  low r i sk  o f  back  
pa in .  Ado lescent s  wi t h  h igh  isomet r i c  bac k  ex tensor  endurance  
have  a  l ower  r i sk  o f  back  pa in  (A ndersen  e t  a l ,  2006) .                
I t  i s  pos s ib le  a  causa l  r e la t i onsh ip  ex i s ts  between  LBP and 
dec reased  s tab i l i t y  (S jo l i e  and  L junggren ,  2001) .  Andersen  e t  a l .  
(2006)  s t a te  tha t  i t  i s  no t  poss ib le  to  te l l  wh ic h came f i r s t ,  LBP o r  
l ow m usc le  endurance ,  bu t  the assoc ia t ion  tha t  ex is ts  between  
LBP and m usc le  endurance  may ind i ca te  tha t  i s omet r ic  mus c le  
endurance  may pro tec t  aga ins t  back  pa in .  To p ro tec t  t he pass iv e 
s t ruc tures  o f  the  lumbar  sp ine f rom in ju r y t he  ab i l i t y  o f  t he  t runk  
musc les  t o  ma inta in  appropr ia t e  l eve ls  o f  ac t iva t ion  over  l ong  
per iods  o f  t im e may be  m ore  impor tan t  t han max im um s t reng th  
(E vans  e t  a l ,  2006) .  
 
Tes t i ng  t r unk  musc le  endurance is  im por tan t  i n  the  p red ic t ion ,  
p reven t ion and  rehab i l i t a t i on  o f  low back  pa in .   Imba lance  in  t r unk   
musc le  s t rength  be tween  agon is ts  and  an tagon is t s  musc les  may      
be  a  r i sk  f ac tor  f o r  low back  pa in  (A rab  e t  a l ,  2007) .   
 
Mus c le  endurance can be  inc reased by  means  o f  musc le  
s t ab i l i s a t i on  programmes  in  both  hea l thy  s ub jec t s  and  LBP 
pa t ien ts ,  t he re fo re  i f  l ow m usc le  endurance  is  the ,  o r  pa r t l y  t he  
cause  o f  LBP,  i t  may be poss ib le  to  t rea t  o r  prev en t  LBP 
(A ndersen e t  a l ,  2006) .  B ur ton ,  ( 2005)  summar i sed the  E uropean 
gu ide l ines  f o r  p reven t ion in  LBP in  wh ich  i t  was conc luded  t hat  
t here  i s  i nsuf f i c i en t  ev idence f o r  o r  aga ins t  musc le  s t reng then ing 
as  a  p rev enta t iv e  measure  f o r  ado lesc en t  LBP.  
 
2.3.8 Lumbar-Pelvic Stabi l i ty  
 
I n  a  s tudy  by Jo rdaan  (2005) ,  no  ass oc ia t i on  was  f ound  be tween  
ado lescen t  LBP and  lumbar -pe lv i c  ins tab i l i t y .  No  o ther  s tud ies  i n  
t he l i t e ra tu re  were  f ound inves t i ga t i ng  l umbar -pe lv ic  i ns tab i l i t y  i n  
ado lescen ts .  Poor  l umbar -pe lv ic  i ns tab i l i t y  has  been  found  t o  be  
assoc ia ted w i t h  LBP in  the  adu l t  popu la t ion .  Sub jec ts  w i th  S IJ  
pa in  demonst ra te  a l t e red  moto r  cont ro l  s t ra teg ies  dur ing  ASLR in  
an  a t t empt  to  compensa te  f o r  the  def i c i t  neuromuscu la r  s ys tem to  
enhance  f o rm and/o r  f o rce  c losure  o f  the  pe lv is  du r ing  l oad  
t rans fer  (O ’Su l l i van  e t  a l ,  2002) .  
 
Sub jec t s  p resen t ing  w i th  pa in  p resen t  w i th  an a l t e red  ASLR 
demonst ra t ing  a l te red  b rea th ing pat t erns  and  k inemat ics  o f  the  
d iaphragm and  pe lv ic  f l oo r .  There is  decreas ed d iaphragmat i c  
mot ion i n  an a t t empt  t o  b rac e o r  sp l i n t  i n  c on junc t i on  w i t h  
i nc reased in t r a-abdom ina l  p ressure .  Th is  may be  an a t t empt  t o  
con t ro l  l oad t rans fe r  th rough the l umbo-pe lv i c  reg ion (O ’Su l l i van  
e t  a l ,  2002) .  
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2.3.9 Emotional  Status 
 
An assoc ia t i on  appears  to  ex i s t  be tween ado lescen t  LBP,  
psychosomat i c  f ac to rs  and emot iona l  p rob lems  (van  Gent  e t  a l ,  
2003 ;  W atson e t  a l ,  2003 ;  Ba lague e t  a l ,  1999) ,  w i th  an                             
assoc ia t i on  repor ted  between  poor  menta l  hea l th  and  the  
deve lopment  o f  LBP  (Fe ldman e t  a l ,  2001) .  P oor  we l l  be ing  and in  
pa r t i cu la r  t he percep t ion o f  poor  f i tness  i s  assoc ia ted  w i t h  
ado lescen t  LBP.  I t  i s  poss ib le  that  poor  we l l be ing  may exaggera te  
t he percep t ion o f  LBP (S jo l i e ,  2002) .    
 
2.3.10 Schoolbag 
 
The load t hat  most  ado lescent s  o r  ch i ld ren car r y  da i l y  i s  the i r  
sc hoo l  bag  (Negr in i  e t  a l ,  1999) .  I t  has  been  sugges ted  that  da i l y   
ca r r y ing  o f  heavy  sc hoo l  bags  by  s tuden ts  i nc reas es t he  s t res ses  
app l i ed  on  t he  s p ina l  s t ruc tu res  wh ic h a re  undergo ing  rap id  
g rowth ,  w i th  the  pos s ib i l i t y  o f  s t ruc tu ra l  damage (Korov ess i s  e t  a l ,  
2004) .  Sc hoo l  bag  we igh t  has  been  p resumed to  be  a  r i sk  f ac to r   
f o r  LBP bu t  w i t hou t  c lea r  sc ien t i f i c  ev idenc e  (v an Gent  e t  a l ,  
2003) .  A  rev iew of  cu r rent  l i t e ra tu re  by Bur t on,  (2005)  and  Bur t on  
e t  a l .  (2006)  conc luded  t hat  the re  is  no cons is ten t  ev idence f o r  o r  
aga ins t  recommend ing  a  l im i t  to  schoo l  bag  we igh t  as  a  
p reven ta t i ve  measure  f or  ado lescen t  l ow bac k  pa in .    
 
No  assoc ia t i on  ex i s ts  be tween  LBP and  method  o f  ca r ry ing  schoo l  
books  (Korov ess is  e t  a l ,  2004 ;  Kovacs  e t  a l ,  2003) .  W hi le  i n  a  
s t udy by  J o rdaan (2005)  i t  was f ound  t hat  asymmetr i ca l  mode  o f  
ca r r y ing  s choo l  bags  over  one  shou lder  o r  i n  one hand  inc reas es 
t he p reva lence o f  LBP however  th is  resu l t  was no t  s t a t i s t i ca l l y  
s ign i f i c ant  fo r  l i f e t ime p reva lence  or  one-year  p reva lence .  
G r immer  and W i l l iams  (2000)  r epor t  tha t  l onger  pe r iods  o f  t ime 
ca r r y ing  heavy  pack  backs  i s  s t rong ly  as soc ia ted  w i th  ado lescen t  
LBP.   
 
I n  a  s tudy  by L imon e t  a l .  ( 2004)  t hey repor t  a  l a rge p ropor t ion  o f  
t he ado lescen ts  invo lved in  t he s tudy ca r r i ed  more  than  15% of  
t he i r  body we ight ,  wh ich  they s t a te  i s  above  the  recomm endat ion  
by exper ts  o f  10  to  15% of  body we igh t ,  a l t hough  thes e l im i t s  a re  
sc ient i f i c a l l y  unproven .  No  co r re la t ion  ex is ts  be tween  t he we igh t  
o f  t he  back  pack  ca r r ied  and  ado lescen t  LBP (Korovess is  e t  a l ,  
2004 ;  W atson e t  a l ,  2003) ,  bu t  an  ass oc ia t i on  ex i s ts  be tween  the  
perce ived we ight  o f  the  schoo lbag and  t he c omp la in t  o f  LBP (van  
Gent  e t  a l ,  2003) .   
 
Bur ton  (2005)  summar i sed the European  gu ide l i nes  f o r  preven t ion  
i n  LB P in  wh ich  i t  was  conc luded  tha t  t he re  i s  no c ons is t en t  
ev idence  fo r  o r  aga ins t  recommend ing  a  l im i t  t o  s choo lbag  we ight  
as  a  p rev enta t iv e  measure  f o r  ado lesc en t  LBP.    
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2.4 LUMBAR SPINE STABILITY 
 
2.4.1 Introduction 
                                                                                                      
Stab i l i t y  i s  a  dynam ic  p roces s  i nvo lv ing  s t a t ic  pos i t ions  and  
con t ro l l ed  mov ement .  The b iomechan ica l  sys tem of  the  sp ine and  
t he e f f i c i ency  o f  the  sys tem  and the  longev i t y  o f  the  componen ts  
a re  dependen t  on the prec i se  f unc t ion  o f  t he i nd iv idua l  s egm ents  
(B ar r  e t  a l ,  2005) .   
 
A l t e red  l umbar  sp ine  b iom echanic s  p lay  a  ro le  i n  sp ina l  pa tho logy 
and  pa in  (Bar r  e t  a l ,  2005) .  Dys func t i ona l  movem ent  pa t t erns  
caused  by changes  in  s t r ength ,  poor  enduranc e ,  changes  in  
f l ex ib i l i t y ,  o r  abnormal  neura l  cont ro l  w i l l  resu l t  i n  t i ssue  damage,  
wh ich  wou ld  resu l t  i n  dec reased  s tab i l i t y  o f  t he  sp ina l  s t r uc tu res .  
Th is  dec reas ed s tab i l i t y  wou ld  resu l t  i n  i nc reased  demand p laced 
on  t he a l r eady ine f f i c i ent  musc les ,  resu l t i ng  i n  a  dys func t i ona l  
degenera t i on  cascade  (Bar r  e t  a l ,  2005) .   
 
Th is  s ec t i on  w i l l  g i ve  an overv iew of  l umbar  sp ine s tab i l i t y ,  
c lass i f i ca t i on ,  musc le  f unc t i on ,  l umbar -pe lv i c  s t ab i l i t y ,  and  
dys func t i on.   
 
2.4.2 Classif icat ion 
 
2 .4 .2 .1  Int roduct ion  
 
Pan jab i  has  desc r ibed  a  m ode l  fo r  sp ina l  s tab i l i t y  t hat  cons is t s  o f  
t h ree  com ponen ts :  t he pass i v e sys tem (os eo l i gamentous  
s t ruc tures ) ,  the  ac t iv e sys tem ( t he s p ina l  musc les ) ,  and  t he neura l  
con t ro l  s ys tem (Bar r  e t  a l ,  2005) .  The  in te rdependen t  f unc t i on  o f  
t he pass iv e,  ac t ive  and  neura l  subsys tems ,  a re  respons ib le  f o r  
sp ina l  s tab i l i t y .  A  l i nk  ex is ts  be tween  the pass i ve subsys tem and 
t he neuromusc u lar  sys tems  (Ju l l  and  R ichardson ,  2000) .   These  
sys tems  are  i n te rdependen t  w i th  one  s ys tem c ompensa t ing f or  
de f i c i ts  i n  another .  Dys f unc t i on  o f  the ac t i ve  s ys tem such  as  poor  
musc le  endurance o r  dec reased mus c le  s t rength  and/or  t i ssue  
damage a f f ec t i ng  the  pass ive  sys tem may make  the segment  more 
d i f f i cu l t  t o  s tab i l i se  and  resu l t  i n  ins tab i l i t y  (Bar r  e t  a l ,  2005) .   
 
Pan jab i ’ s  c lass i f i ca t i on  sys tem focus es on  the  c rea t ion o f  sp ina l  
s t ab i l i t y  and  s t i f f ness ,  but  movement  i s  a lso  impor tant .  Movement  
o f  t he  sp ine ass i s t s  w i t h  d i ss ipat i ng f orces  and  reduc ing  energy 
expend i tu re.  Exces s ive  s p ina l  s t i f f ness  resu l t s  i n  i nc reased  
energy expend i tu re  and  inc reased load  on  the  sp ina l  segments  
(B ar r  e t  a l ,  2005) .   
 
2 . 4 .2 .2  Passive  System 
 
The bone  and  l igamentous s t r uc tu res  m ake  up the  pass ive   
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componen t  con t r ibu t i ng  to  sp ina l  s tab i l i t y .  They p rov ide  pas s i ve 
res t ra in t  t owards  the  end o f  t he  range  o f  movement ,  but  o f f er  l ess  
suppor t  t o  t he  s p ine  i n  t he neu t ra l  pos i t i on  (Bar r  e t  a l ,  2005;  
Mc Gi l l ,  2001) .  Pan jab i  has  desc r ibed  the ‘ neu t ra l  zone ’  as  t he 
range  o f  i n t e rve r teb ra l  mot ion  w i th in  wh ic h t he  sp ina l  m ot ion  i s  
p roduced  w i t h  m in imal  i n t erna l  res is tance.  I f  t he re  is  l ax i t y  of       
t he  pass iv e j o in t  res t ra in ts  t he  neut ra l  zone  may be  abnorma l l y  
i nc reased.  I ns tab i l i t y  can  be due  t o  an  abnormal  i nc reas e  in  the  
s i ze  o f  t he neut ra l  zone  o r  due  to  a  l ack  o f  dynam ic  mus c le  
con t ro l  o f  t he  neu t ra l  zone (Comer fo rd  and Mot t r am,  2001) .   
 
2 . 4 .2 .3  Act i ve  System 
 
The second  componen t  cont r i bu t i ng to  sp ina l  s t ab i l i t y  i s  made up  
o f  t he  musc les  t ha t  su r round  t he  sp ine  and  p rov ide  s uppor t  and 
s t i f f ness  a t  the i n te r ve r teb ra l  l eve l  (Bar r  e t  a l ,  2005) .  S tab le  
j o in ts  can  be c reated  by  moderate  lev e ls  o f  m usc le  ac t iv i t y ,  w i t h  
on l y  a  modera te  degree  o f  musc u la r  coact iva t i on  o f  on l y  10% of  
max im a l  cont rac t ion needed  t o  p rov ide  segment  s t ab i l i t y  (Bar r  e t  
a l ,  2005 ;  McG i l l ,  2001) .  The  moto r  c on t ro l  sys tem is  ab le  to  
con t ro l  s tab i l i t y  t h rough  co -ord inated  m usc le  co -ac t iva t i on ,  and  by  
p lac ing  t he  j o in t s  i n  pos i t i ons  t hat  enhance  the cont r ibu t i on  by  t he  
pass iv e res t ra in ts  (McGi l l ,  2001) .  Inc reased  mus c le  c oac t i va t i on 
i s  needed  to  s t ab i l i s e  a  segmenta l  leve l  t ha t  has  been  damaged o r  
comprom ised by  l igamentous  l ax i t y  or  d i sc  d i sease .  Theref ore  
endurance  is  more  impor tan t  t han  abso lu te  musc le  s t reng th  (Bar r  
e t  a l ,  2005) .  Sudden  load ing  o f  the sp ine  o r  unpred ic tab le  
ac t iv i t i es  requ i re  a  s t reng th  res erve .  The demands on  bo th  
s t rength  and endurance  a re  i ncreased  in  spor t s  (Bar r  e t  a l ,  2005) .   
 
2 .4 .2 .4  Neuromuscu lar  System 
 
The neura l  c ont ro l  sys tem is  the th i rd  componen t  o f  sp ina l  
s t ab i l i t y .  I t  coord ina tes  musc le  ac t iv i t y  i n  res pons e to  p red ic t ed  
and  unpred ic t ed fo rces .  The  co r rec t  musc les  must  be ac t iva ted a t  
t he r i gh t  t ime and  in  t he r i gh t  amount  t o  pe r f o rm  t he  des i red  
movem ent  and  p ro tec t  the sp ine f rom in ju ry (Bar r  e t  a l ,  2005;  
Comer fo rd  and  Mot t ram ,  2001 ;  B rumagne  e t  a l ,  2000) ,  requ i r i ng  
sensory,  b iomechan ica l  and moto r -p rocess ing s t ra teg ies  t oge ther  
w i th  l ea rned  res ponses  (Comer ford  and  Mot t ram,  2001) .  The  
neura l  c ont ro l  sub-sys tem modu la tes  t he  ba lance  o f  movement  
and  s t i f f ness  (B arr  e t  a l ,  2005) .  
 
2.5 MUSCLE FUNCTION 
 
2.5.1 Introduction 
 
Throughou t  t he  l as t  two  decades t he re  has  been  an  inc rease  in  
awareness  o f  t he  impor tance and  re levance o f  the  spec ia l i sed  and  
in teg ra ted ac t i on o f  the  musc le  sys tem in  main ta in ing  s t ab i l i t y  and 
op t im a l  f unc t i on  o f  the muscu losk e le ta l  s ys tem (Comer fo rd  and  
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Mot t ram,  2001) .  The musc le  sys tem prov ides  suppor t  t o  the  
a r t i cu la r  s t r uc tu res  t h rough  i t s  func t i on  t o  a id  s tab i l i t y  
(R ichards on and  J u l l ,  1995) .   
 
A  number  o f  musc les  c ross  t he s p ine  and  cont r i bu te  to  l umbar  
mob i l i t y  and  s tab i l i t y .  The musc u la r  sys tem i s  a  compl i ca ted  
sys tem compos ed o f  t he  deep  musc les  and t he super f i c i a l                   
musc les .  The  deep  musc les  are  respons ib le  fo r  t he con t ro l  o f  
s t i f f ness  and in t e rve r t eb ra l  re la t i onsh ips ,  and have the i r  o r i g in  o r  
i nse r t i on  on the lum bar  v er teb rae .  The  s uper f i c i a l  musc le  sys tem 
cons is ts  o f  t he l a rge  g loba l  musc les  that  p roduc e  t o rque  f o r  s p ina l  
movem ent  and  hand le  ex te rna l  l oads  app l i ed to  the  sp ine  (Bar r  e t  
a l ,  2005) .   
 
Mus c les  c an be c lass i f ied  i n  r e la t i on  t o  f unc t ion  as  s tab i l i se r  and  
mob i l i se r  musc les .  Three  d i f f e rent  func t i ona l  musc le  ro les  have  
been  c lass i f i ed :  the  l oca l  s t ab i l i t y  musc les ,  the  g loba l  s tab i l i t y  
musc les  and the g loba l  mob i l i t y  musc les  (Com er ford  and  Mot t ram,  
2001) .  A  cy l i nder  o f  musc les ,  i nc lud ing mu l t i f i d i ,  t ransvers us  
abdom in is ,  quadra tus  l umborum,  the  pe lv ic  f l oo r ,  and the 
d iaphragm sur rounds  the  sp ine  t o  p rov ide  s tab i l i t y  (Bar r  e t  a l ,  
2005) .   
 
I n  sp ina l  segments  w i th  s t ruc tu ra l  damage,  i f  t he  musc les  a re  
f unc t i on ing  c o r rec t l y ,  t hey c an compensa te  f o r  s t ruc tu ra l  def ic i ts  
(B ar r  e t  a l ,  2005) .   
 
2.5.2 Local  Stabi l i ty Muscles 
 
The loca l  s tab i l i t y  m usc les  ma in ta in  mechan ica l  s t i f f ness  o f  t he  
sp ine  and  con t ro l  i n t e r -segmenta l  mot ion  and the neut ra l  jo in t  
pos i t i on  by i nc reas ing  m usc le  s t i f f nes s .  They a re  cont inuous ly  
ac t ive  t h roughou t  the  movement ,  ac t i v i t y  i s  i ndependen t  o f  t he  
d i rec t i on  o f  mov ement  and cont rac t i on  p roduces no leng th  change 
t here fo re  no  movement  (Comer f ord  and  Mot t r am,  2001) .   
 
The loca l  musc les ,  o f  wh ic h mul t i f i dus  and t ransvers us  abdom in is  
a re  componen ts ,  a t t ach  d i rec t l y  t o  t he l umbar  ve r t ebrae  and  are  
respons ib le  f or  segmenta l  s t ab i l i t y  and  c on t ro l l i ng  t he  l umbar  
segment  pos i t i ons ,  and have the g rea tes t  ab i l i t y  to  con t ro l  t he  
neu t ra l  zone  (Barr  e t  a l ,  2005 ;  R ichardson  and Ju l l ,  1995) ,  and 
a re  capab le o f  i ncreas ing  sp ina l  segm enta l  s t i f f ness  ( Ju l l  and  
R ichardson,  2000) .  T ransv ersus  abdom in is  and  mu l t i f i d i  musc les   
f unc t i on  as  bo th  lumbar  and  pe lv i c  s t ab i l i s e rs  (Poo l -Goudzwaard  
e t  a l ,  1998) .   
 
The lumbar  mu l t i f id i  cont ro l  sp ina l  mot ion,  the  mot ion  o f  a  l umbar  
segment  and  ver teb ra l  mov em ent  du r ing  pos tu re  and sp ina l  
movem ents ,  due  to  the i r  shor t  i n t e rve r teb ra l  a t t achments  (Mac  
Dona ld  e t  a l ,  2006) .  They se rve to  p ro tec t  the a r t i c u lar  s t ruc tu res ,  
d i scs  and l i gaments  f r om exc ess i ve s t ra in  and  in ju ry  (Bar r  e t  a l ,   
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2005) .  The  mu l t i f idus  musc le  has  the  capac i t y  t o  res to re  cont ro l  
o f  segmenta l  mot ion  pos t  in ju ry  (Mac  Dona ld  e t  a l ,  2006) .  The  
deep  f i b res  o f  the mu l t i f i dus  musc le  hav e a  g reate r  pe rcen tage  o f  
t ype  I  s low tw i t ch  musc le  f i b res  wh ich  a re  v u lne rab le  to  the  
advers e e f fec t s  o f  pa in  and immob i l i s a t i on  (MacDona ld  e t  a l ,  
2006) .     
                                                                                            
Transvers us  abdom in i s  i s  a t t ached  t o  t he  ve r teb rae  th rough  the  
t horaco lumbar  fasc ia  and s t i f f ens  the  sp ine by  i nc reas ing  i n t ra -
abdom ina l  p ressure  (Bar r  e t  a l ,  2005) .  T ransvers us  abdom in is  i s  
impor t ant  i n  l umbar  s t ab i l i s a t i on  and  cont rac ts  w i t h  a l l  t runk  
movem ents  and i s  rec ru i t ed p r io r  t o  t he o ther  abdom ina l  musc les  
(R ichards on and  J u l l ,  1995) .   
 
I n  hea l thy  sub jec ts ,  t he  deep  f i b res  o f  mu l t i f i d i  and t ransversus  
abdom in is  con t rac t  p r i o r  to  o ther  musc les  i n  ant i c ipa t i on  o f  l imb 
movem ent  and  f i re  i ndependen t  o f  the  d i r ec t i on  o f  l imb m ovement ,  
t o  con t ro l  i n t e rve r t eb ra l  movement ,  to  s t ab i l i se  the  sp ine  and  
p reven t  unwanted  sp ina l  m ovement  w i th  l imb m ovement  (Bar r  e t  
a l ,  2007 ;  Barr  e t  a l ,  2005 ;  R ichardson  and Ju l l ,  1995) .   
A  cy l i nder  o f  deep  musc les  s u r round  t he s p ine and  p rov ide  
s tab i l i t y ,  t he re fo re  s p ina l  s tab i l i t y  i s  not  on l y  dependen t  on 
mu l t i f i d i  and t r ansversus  abdom in is  (Bar r  e t  a l ,  2005) .    
 
The pe lv i c  f l oo r  has  an impor tan t  func t i on i n  l umbar  s tab i l i t y .  The 
pe lv i c  f l oo r  musc les  f o rm the base o f  the  abdom ina l  cav i t y  and  
con t rac t  du r ing ac t i v i t i es  tha t  i ncrease  in t raabdomina l  p ress ure .  
I n  pa in f ree sub jec t s ,  s t rong  vo lunta ry  con t rac t i on o f  the  
abdom ina l  musc les  causes pe lv ic  f loo r  musc le  ac t i v i t y  a t  the  same 
in tens i t y  as  max ima l  e f f o r t  o f  t he  pe lv i c  f l oo r  musc les .  The pe lv i c  
f l oo r  musc les  con t rac t  befo re  the  abdom ina l  musc les  and  not  
s imp ly  as  a  response  t o  i nc reas ed in t raabdomina l  p ressure (B ar r  
e t  a l ,  2005) .   
 
The d iaphragm forms t he roof  o f  the  cy l i nder  and  con t r i bu tes  to  
l umbar  s t ab i l i t y  by i nc reas ing  i n t raabdom ina l  p ressure .  For  
t ransvers us  abdom in i s  to  i nc rease tens ion i n  t he t horaco lumbar  
f asc ia ,  d iaphragmat i c  ac t iv i t y  i s  needed  t o  p rev ent  d is p lac ement  
o f  t he  abdom ina l  v isce ra .  I n  hea l thy  s ub jec t s ,  l umbar  s t ab i l i sa t i on  
i s  ass i s t ed  by  d iaphragmat i c  ac t iva t i on  pr io r  to  l a rge l imb 
movem ent  and  is  i ndependen t  o f  t he  resp i ra to ry  phase  (Bar r  e t  a l ,  
2005) .   
 
2.5.3 Global  Stabi l i ty Muscles 
 
The g loba l  s t ab i l i se r  musc les ,  o f  wh ich  quadratus  l umborum and  
in te rna l  ob l i que  musc les  a re  componen ts ,  generate  fo r ce  t o  
con t ro l  r ange  o f  mot ion.  They con t ro l  mov ement  th roughou t  range  
by eccen t r i c  length  c hange  and low- load  dece le ra t i on  o f  
momentum,  and ac t iv i t y  i s  d i r ec t i on  dependen t  (R ichards on and  
Ju l l ,  1995) .  The  g loba l  m usc les  a re  t he l a rge torque  p roduc ing   
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musc les  wh ich l i nk  t he  pe lv is  t o  t he t ho rac ic  cage  and  p rov ide 
genera l  t runk  s t ab i l i s at i on .  Thes e mus c les  m in im ise t he f orces  on 
t he sp ine  by  ba lanc ing  t he  ex te rna l  l oads  (R ichards on  and  J u l l ,  
1995) ,  and  p lay  a  ro le  i n  cont ro l l i ng  s p ina l  o r i enta t i on  (J u l l  and 
R ichardson,  2000) ,  The g loba l  m usc les  cont ro l  t runk  movement  
and  p rov ide co -c on t rac t i on dur ing  tas ks  o r  ac t iv i t i es  s uch  as                                                         
l i f t i ng  o r  wa lk ing ,  and  inc lude quadra tus  l umborum,  l a t t i s imus 
dors i  and t he  super f i c i a l  s p ine f lexo rs  and ex tensors  (Bar r  e t  a l ,  
2007) .  Quadra tus  l umborum is  a  sp ine  s tab i l i se r  (Mc Gi l l ,  2001) ,  
and  a  l a te ra l  s t ab i l i se r  o f  t he  s p ine.  I t  i nc reas es lumbar  s t i f f ness  
by i ts  a t tachm ent  th rough  the  tho raco lumbar  f asc ia  to  t he 
t ransvers e p rocesses o f  the  l umbar  s p ine  (Bar r  e t  a l ,  2005) .   
 
2.5.4 Global  Mobi l i ty Muscles 
  
The g loba l  mob i l i se r  musc les ,  o f  wh ich  rec tus  abdom in i s  and  the  
e rec to r  sp inae  mus c les  a re  com ponen ts ,  demons t ra te non-
con t inuous  ac t iv i t y  and  genera te  torque  to  p roduce range  o f  
movem ent  and  concen t r ic  l eng th  c hange ,  t he re f ore  conc en t r ic  
p roduc t ion o f  movement  and concent r ic  acce lera t i on o f  mov ement .  
The g loba l  mob i l i se rs  a re  impor t an t  fo r  shock  absorpt i on  o f  l oad  
(Comer fo rd  and  Mot t r am,  2001)  and f or  ba lanc ing  l oads  
(R ichards on and  J u l l ,  1995) .   
 
O ther  t r unk  m usc les  ass is t  i n  sp ina l  s tab i l i t y ,  i nc lud ing  ex terna l  
ob l i que,  i n t e rna l  ob l i que ,  rec tus  abdom in is ,  psoas ma jo r  and  the  
o ther  pa rasp ina l  musc les .  These  musc les  ass is t  w i th  ma in ta in ing  
s t ab i l i s a t i on  by  l oad  and  d i rec t i on-spec i f i c  ac t iv i t y ,  and  p rev ent  
unwanted  t runk  mov em ent  du r ing l imb movement  and  accep tance 
o f  l oads  to  the t r unk  (B ar r  e t  a l ,  2005) .  E rec tor  sp inae  m usc les  
p roduce  to rque  to  c reate  ex tens ion on  the l umbar  sp ine  as  we l l  as  
i n te r ver t ebra l  compress ion (MacDona ld  e t  a l ,  2006) .   
 
The super f i c i a l  g loba l  m usc les  con t ro l  sp ina l  or i en ta t ion  by 
ac t iva t i on  i n  a  d i rec t i on -spec i f i c  res pons e (Bar r  e t  a l ,  2005) .  Co-
con t rac t i on o f  t he l umbar  super f i c i a l  f l exo rs  and  ex tensors  i s  
requ i red  to  con t ro l  sp ina l  buck l i ng  (Mac Dona ld  e t  a l ,  2006) .   
 
2.5.6 Summary 
 
To  p ro tec t  t he pass iv e s t ruc tu res  o f  the l umbar  sp ine f rom in ju r y 
t he ab i l i t y  o f  t he  t runk  musc les  to  ma in ta in  appropr ia te  l eve ls  o f  
ac t iva t i on  over  l ong per iods  o f  t ime may be  m ore  impor tan t  t han 
max im um s t rength  (Evans e t  a l ,  2006) .   
 
Mus c le  ac t iva t ion  resu l t s  in  j o in t  s t i f f ness  in  a  non l i near  f ash ion ,  
w i th  s t i f f ness  resu l t i ng  i n  s tab i l i t y .  Sma l l  lev e ls  o f  musc le  ac t iv i t y  
c rea te  s t i f f  and s tab le  j o in t s .  Jo in t s  a l so  possess  i nheren t  j o in t  
s t i f f ness  due t o  t he  pass i ve res t ra in t s ,  pa r t i cu la r l y  con t r i bu t i ng  t o  
s t i f f ness  a t  the end  o f  r ange  o f  mot ion.  Co-o rd ina ted musc le  co-  
16  
ac t iva t i on  con t ro ls  s tab i l i t y  o f  t he  jo in t s ,  and  t o  a  l esser  degree 
p laces  j o int s  i n  pos i t i ons  t hat  a l l ows  pas s i ve s t i f f ness  cont r i bu t i on  
(McGi l l ,  2001) .   
 
Dur ing  s udden  load ing  o f  t he  sp ine ,  s t ab i l i t y  i s  c ruc ia l  in  o rder  to  
p reven t  t he deve lopment  o f  l ow back  i n ju r i es .  In  s i t uat i ons  where  
l oad ing  occurs ,  l ow leve ls  o f  ac t i v i t y  in  the  back  musc les  and  t he               
abdomina l  musc les  a re  p resent ,  wh ich  inc reases  sp ine  s t i f f ness  
and  dec reases the  movement  caused  by sudden load ing  and  
ass is t  i n  s t ab i l i s i ng  t he sp ine (Ess endrop ,  2002) .   
 
I t  i s  hypo thes ised  that  f o r  co r rec t  lumbar  s tab i l i sa t ion ,  m usc le  
endurance  is  more  impor tan t  t han  abso lu te  musc le  s t reng th ,  as  
on ly  a  sm a l l  pe rcen tage o f  max im al  musc le  cont rac t ion  i s  needed  
t o  s t ab i l i se  t he  s pine  (Bar r  e t  a l ,  2007) .   
 
2.6 MUSCLE ENDURANCE 
 
Mus c le  endurance i s  def i ned as  the ab i l i t y  o f  a  m usc le  g roup  to  
pe r f o rm repea ted con t rac t i ons  over  a  s pec i f i c  pe r iod tha t  i s  
su f f i c ien t  t o  cause  f a t i gue (W i lde r  e t  a l ,  2006) .  The endurance  
t ime in  a  con t rac t ion  i s  t he  dura t ion the requ i red f o rce  can be 
ma in ta ined  by the ske le ta l  musc le ,  when  the  musc le  fa t i gues  i t  
f a i l s  t o  m ain ta in  the  f o rce  (Hagberg ,  1981) .  The  muscu la r  l oad 
in f l uence on  t he t ime o f  sus ta ined  con t rac t i on i s  a  f unc t i on o f  the  
percen tage  o f  t he max imum vo luntary  con t rac t i on (MVC) 
(Hagberg ,  1981) .  S us ta ined  us e  resu l t s  i n  mus c le  f a t igue  and  an  
inab i l i t y  o f  t he  musc les  t o  p roduce  fo rce  o r  power .  Fat i gab i l i t y  
may no t  de de tec ted i n i t i a l l y  because  the  ac t i v i t y- i nduced  
weakness  l essens qu ick l y  when  t he  exer t i on  s tops ;  t he  degree  o f  
weakness  is  not  pro found ;  i t  i s  no t  tes ted f o r .  The sus ta ined 
musc le  ac t iv i t y  t ha t  i nduces f a t i gue i s  a  phys io log i ca l  p rocess  
t hat  depends  on chang ing  s ta tes  induc ed  by ac t iv a t ion  o f  s pared 
per iphera l  and  cen t ra l  axons and  neurons  and  com prom ised  
musc le  (Dobk in ,  2008) .   
 
Var iab les  tha t  m ay in f l uenc e t he  onse t  o f  f a t igue  inc lude :  the  
sub jec t s  mot i va t i on ;  the  pat t e rn  o f  moto r  un i t  ac t iva t ion ;  and 
in tens i t y  and  dura t i on  o f  ac t iv i t y  (Dobk in ,  2008) .  A t  sus ta ined 
con t rac t i on l eve ls  abov e  15-20% of  MVC the rap id  dec reas e in  
endurance  t imes is  due t o  impa i rm ent  i n  b lood f l ow res u l t i ng  i n  
i schem ia  due  t o  inc reased  in t ramuscu la r  p ress ure.  There  is  an 
accum u la t i on  o f  m etabo l i t es  and  a  dep le t i on  o f  energy  com pounds  
resu l t i ng  i n  an impa i red  cont rac t i on p rocess  caus ing  loc a l is ed 
musc le  f a t i gue  (Hagberg,  1981) .   
 
I n te rv en t ions  to  inc rease  moto r  reserve  i nc lude  enduranc e  and  
s t rengthen ing  ex erc i ses ,  va ry ing  the  b iom ec hanic a l  requ i rements  
o f  repe t i t i ve  musc le  cont rac t ion,  pharm aco log ic a l  i n ter ven t ion to  
enhance  s ynap t i c  e f f i cacy ,  and t ra in ing- induc ed  neura l  p las t i c i t y  
(Dobk in ,  2008) .  
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Mus c le  s t rength  and  endurance  can  be  improved in  ch i l dhood  and  
ado lescen ts  by  means  o f  h igher  r epet i t ion -modera te  l oad  
res i s tance t r a in ing  p rogrammes  dur ing  t he i n i t i a l  adap ta t i on 
per iod  (Fa igenbaum e t  a l ,  1999) .   
 
2.7 LUMBAR-PELVIC STABILITY 
 
I n te rv er teb ra l  cont ro l ,  con t ro l  o f  sp ina l  o r i enta t i on ,  and  con t ro l  o f  
who le  body equ i l i b r i um  a re  requ i red  f o r  lum bar -pe lv ic  s t ab i l i t y  
(B ar r  e t  a l ,  2005) .  E f fec t ive  s tab i l i sa t i on  o f  t he sac ro i l iac  j o in ts  
(S IJ ’s )  i s  requ i red  as  l oad  t rans fe r  f rom the  s p ine  t o the pe lv is  
passes  t h rough  t hese  jo in ts .  S tab i l i s a t i on  o f  t he  S IJ  can  be  
inc reased by f o rm c los ure  o r  f o rce  c losure .  Form c losure  is  t he 
i n te r l oc k ing o f  t he r i dges  and  g rooves  on the j o in t  sur f aces ,  and  
f o rce c losure  is  t he  c ompress ive  f orces  o f  the  musc les ,  the  
l i gaments  and the f asc ia  (Poo l -Goudzwaard  e t  a l ,  1998) .   
 
Load  t rans fe r  can be  a l t e red nega t ive l y  by m usc le  weaknes s o r  
i nsuf f i c i en t  l i gament  t ens ion.  Lumbar -pe lv ic  s t ab i l i t y  depends  on  
t he l i gaments  a round  the S IJ ,  the  tho rac o lum bar  f asc ia  as  we l l  as  
severa l  musc les  inc lud ing  t ransv ersus  abdomin i s  and  mu l t i f i dus  
musc les .  The  t ho raco lumbar  f asc ia  p lays  an  impor tant  ro le  in  
f o rce t rans fe r ,  espec ia l l y  i n  s tab i l i sa t i on  o f  t he l ower  lum bar  sp ine 
and  t he s acro - i l i ac  j o in ts .  Cont rac t ion  o f  t he musc les  t hat  a t t ach 
t o  t he  t ho raco lumbar  f asc ia  i nc lud ing  t he mu l t i f i d i  musc les  can  
inc rease the t ens ion  i n  t he f asc ia .  Due  to  i ts  connect ion  w i t h  t he 
upper  and  lower  l imbs ,  the  fasc ia  i s  capab le  o f  t ransm i t t ing  f o rces  
f rom the l ower  t o  t he  upper  l imbs  and  v ice  ve rsa.  S evera l  musc les  
con t r i bu te  to  f or ce  c los ure .  Three  musc le  s l i ngs  have  been  
desc r ibed:  a  l ong i tud ina l  s l i ng ;  a  pos te r io r  ob l i que  s l ing ;  and an 
an te r io r  ob l i que  s l i ng .  The long i t ud ina l  s l i ng  cons is ts  o f  t he 
mu l t i f i dus  musc le  a t t ached  t o  the s ac rum,  the  deep layer  o f  the 
t horaco lumbar  fasc ia ,  and  the sacro tuberous l igam ent .  The  
pos te r io r  ob l i que s l i ng cons is ts  o f  the coup led  f unc t ion  o f  the 
l a t t i s imus  dors i  musc le  and  t he  g lu teus  m ax imus musc le .  The 
an te r io r  ob l i que  s l i ng  cons is ts  o f  the  t r ans versus  abdom in i s  
musc le  and  t he  ex te rna l  and  in te rna l  ob l ique musc les .  Cont rac t i on 
o f  t he  musc les  mak ing  up the s l i ngs  c an  ensure  s t ab i l i sa t i on  o f  
t he S I J ’s  (Poo l -Goudzwaard  e t  a l ,  1998) .    
 
The ac t ive  s t r a ight  l eg  ra i se  tes t  (ASLR tes t )  i s  an  i nd i ca to r  o f  
l umbar-pe lv ic  s t ab i l i t y  (Mens  e t  a l ,  2001)  and measures  t he  
f unc t i ona l  i n t eg r i ty  o f  t he  t ransverses  abdom in is  and m u l t i f idus  
musc les ,  wh ich a re  c lass i f i ed  as  l oca l  s t ab i l i se r  mus c les .   ASLR 
i s  a  l ow lev e l  phys i c a l  l oad in  pa in f ree  sub jec ts ,  w i th  the 
p redom inant  motor  cont ro l  pa t t e rn  o f  i ps i l a t e ra l  ton i c  ac t iv a t i on  o f  
t he abdom ina l  wa l l  and  chest  wa l l  (Bea les  e t  a l ,  2008) .  ASLR in   
                                                                                          
pa in f ree  i nd i v idua ls  shows  a  predom inant  loc a l  motor  cont ro l  
s t ra tegy  w i t h  m in ima l  i n t ra -abdom ina l  p ressure change  (Bea les  e t  
a l ,  2008) .  The mono-a r t i cu la r  s t ab i l i s er  m usc les  (mul t i f i dus  and   
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t ransvers us  abdom in i s )  shou ld  ac t iva te  ear ly .  Dys f unc t i on o f  the  
l oca l  s tab i l i t y  m usc les  is  due to  a l te ra t i on  o f  no rm a l  moto r  
rec ru i tmen t  r esu l t i ng  i n  l oss  o f  segmenta l  cont ro l  and  loss  o f  
con t ro l  o f  j o in t  neu t ra l  (Com er fo rd  and  Mot t ram,  2001) .   
 
2.8 DYSFUNCTION 
 
2.8.1 Introduction 
 
The b iomechan ics  o f  i nd iv idua ls  w i th  non-s pec i f i c  LBP d i f f e rs  
f rom hea l t hy i nd i v idua ls  (Bar r  e t  a l ,  2007) ,  w i t h  t runk  musc le  
impai rment  r e la t ed  t o  LBP patho logy ( I t o  e t  a l ,  1996) .  Musc le  
imbalances and  mov em ent  dys f unc t ion  p redomina te  in  t he 
p resence  o f  patho logy (Comer f ord  and  Mot t ram,  2001) .   
 
Pa in  and  pa tho logy show an  assoc ia t i on  w i th  dys f unc t iona l  moto r  
rec ru i tmen t  o f  t he  l oca l  and g loba l  s tab i l i se r  sys tems  (Comer fo rd  
and  Mot t ram,  2001) .  S ub jec ts  w i th  LBP p resen t  w i th  musc le  
dys func t i on and poor  motor  c on t ro l  o f  the  deep musc les  o f  t he 
t runk  and  back  (Ju l l  and R ichardson ,  2000)  and t he s t ab i l i s a t i on  
f unc t i on  o f  the ant i -g rav i t y  musc les  i s  a f f ec ted  (R ic hardson  and  
Ju l l ,  1995) .  Sub jec ts  w i th  LBP presen t  w i th  d im in i shed  m usc le  
s t rength  and endurance  (Bar r  e t  a l ,  2005) .   
 
A  dys f unc t iona l  moto r  con t ro l  sys tem can res u l t  i n  i nappropr ia te  
l eve ls  o f  musc le  for ce  and s t i f f ness  resu l t i ng  i n  j o in t  buck l i ng  or  
shear  t r ans la t i on  (McG i l l ,  2001)  resu l t i ng  i n  i nc reased  r isk  o f  
i n ju ry (B rumagne  e t  a l ,  2000) .   
 
2.8.2 Muscle Dysfunction 
 
2 . 8 .2 .1  Local  S tab i l i ty  Muscles  
 
Dys func t i on i n  t he l oca l  s t ab i l i t y  sys tem presen ts  as  abnorma l  
segmenta l  cont ro l  and  rec ru i tmen t  de f ic i ts  resu l t i ng  in  poor  
con t ro l  o f  t he  neu t ra l  zone.  Abnorma l  s egmenta l  cont ro l  can  
p resen t  as  exc es s i ve  or  uncont ro l l ed  segmenta l  t rans la t i on  o r  
segmenta l  l oss  o f  musc le  c ross -  sec t i ona l  a rea a t  the  s i te  o f  
dys func t i on.  Motor  rec ru i tmen t  def ic i t s  m ay p resen t  as  a l t e red 
t im ing o r  a l te red  pa t t e rns  o f  rec ru i tment  (Comer fo rd  and  Mot t r am,  
2001) .   I n  sub jec ts  w i t h  LBP ,  l umbar  s tab i l i sa t i on  def ic i ts  appear  
w i th  a  dys func t i ona l  deep  s tab i l i t y  s ys tem (Bar r  e t  a l ,  2005 ;  
R ichardson and  Ju l l ,  1995) .   Poor  sp ina l  s tab i l i t y  and  pa in  may be 
caused  by changes  in  a  sp ina l  segment  that  a l l ows  excess ive  
segmenta l  mov ement .  I ns tab i l i t y  may be  caused  by d i s c  d i seas e,  
dec reased  musc le  s t reng th ,  poor  endurance ,  i ne f f i c i en t  neura l  
con t ro l ,  o r  moto r  con t ro l  e r ro rs ,  resu l t i ng  i n  i nc reased  load  on the 
pass iv e s t ruc tu res  (Bar r  e t  a l ,  2005 ;  Bar r  e t  a l ,  2007) .   
 
A  moto r  c ont ro l  e r ro r  i n  wh ich  the re  i s  reduced  ac t iva t i on o f  t he  
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i n te r segmenta l  musc les  can  resu l t  i n  ro ta t i on  a t  an in t e rve r teb ra l  
l eve l  and  may resu l t  i n  sp ina l  buck l i ng  resu l t i ng  i n  i n ju ry  (McGi l l ,  
2001) .  A  musc le wh ich  has  an inappropr ia t e  f o rce  o r  a  damaged 
pass iv e t i ssue c an  cause ins tab i l i t y  i n  one  o r  more d imens ions ,  as  
t he sp ina l  j o in t s  ro ta te  i n  th ree p lanes  and  t rans la te  a long  th ree 
axes  (McGi l l ,  2001) .  ) .  The  ant i c ipa tor y rec ru i tmen t  and  inc reas e  
in  p ro tec t i ve  in t ra-abdom ina l  pressure  and  s t i f f en ing o f  t he  sp ine  
i s  no l onger  e f f ec t i v e  i n  s ub jec ts  w i th  LBP,  r esu l t i ng  in  a l te red  
rec ru i tmen t  and  the  deve lopm ent  o f  uncon t ro l l ed  movement  and  a  
l oss  o f  dynam ic  s tab i l i t y  (Comer fo rd  and  Mot t ram,  2001) .   
 
Changes  s pec i f i c  to  t he  l umbar  mu l t i f i dus  occurs  i n  sub jec ts  w i th  
LBP (Mac Dona ld  e t  a l ,  2006 ;  Poo l -Goudzwaard  e t  a l ,  1998) ,  w i t h  
musc le  a t rophy demons t ra ted  (Barr  e t  a l ,  2007 ;  Barr  e t  a l ,  2005 ;  
Poo l -Goudzwaard  e t  a l ,  1998) ,  wh ich does  not  reso lve  
spon taneous ly  w i t hou t  spec i f i c  t reatm ent ,  even when  t he  pa in  has  
reso lv ed (Bar r  e t  a l ,  2007 ;  B ar r  e t  a l ,  2005) .  A  spec i f i c  exerc ise  
t ra in ing p rogramm e has shown t o  be  e f f ec t iv e  t o  r everse the 
mu l t i f i d i  musc le  a t rophy (Bar r  e t  a l ,  2005) .  
 
The t ransvers us  abdom in is  musc le  demonst ra tes  dys func t i ona l  
ac t iv i t y  i n  sub jec ts  w i t h  LBP  (B arr  e t  a l ,  2005;  Poo l -Goudzwaard  
e t  a l ,  1998) ,  w i t h  t he  p r ime movers  ac t iva t i ng befo re  t he  de layed  
t ransvers us  abdom in i s ,  r esu l t i ng  in  poor  l um bar  s p ine  and  pe lv i c  
s t ab i l i s a t i on  (Bar r  e t  a l ,  2007 ;  Barr  e t  a l ,  2005 ;  Comer f o rd  and  
Mot t r am,  2001 ;  Poo l -Goudzwaard  e t  a l ,  1998) .  
 
Th rough t h is  m oto r  cont ro l  change in  bo th  the mu l t i f idus  musc les  
and  t ransv ersus  abdom in is  musc le ,  co -o rd ina t i on between  the  
mu l t i f i d i  and t r ansversus  abdom in is  musc le ,  wh ich  a re  thought  to  
poss ib l y  be  t he  i n i t i a to rs  o f  f o rce  c losure ,  w i l l  be  d is turbed (Poo l -
Goudzwaard  e t  a l ,  1998) .  
 
2 .8 .2 .2  G loba l  S tab i l i ty  Muscles  
.   
Dys func t i on i n  t he g loba l  sys tem presen ts  as  an imba lance  
be tween  the  mono-a r t i cu la r  s tab i l i t y  m usc les  and  the b i -a r t i cu la r  
mob i l i t y  m usc les .  Th is  im ba lance  is  due t o  t h ree caus es:  l eng th  
assoc ia ted c hanges  re la ted t o  musc le  f unc t i on;  im balance  in  
synerg i s t i c  o r  an tagon is t i c  musc le  rec ru i tmen t ;  and  d i r ec t i on  
dependent  re la t i ve  s t i f f ness  and  compensat ion (Comer fo rd  and 
Mot t r am,  2001) .   W eaker  i somet r ic  and  i so ton ic  back  ex tensor  
musc le  s t rength  and  dec reas ed musc le  endurance have  been  
iden t i f i ed  i n  sub jec ts  p resen t ing  w i th  LBP (B ar r  e t  a l ,  2005) .  W eak 
back  ex tensor  musc les  p lay a  ro le  in  the pa thogenes is  o f  back  
p rob lems  (Andersen  e t  a l ,  2006) .   Dec reased i somet r i c  s t r eng th  is  
one  o f  s evera l  f ac to rs  assoc ia ted w i t h  back  pa in  (B arr  e t  a l ,  
2007) .  A  s ign i f i c ant  r i sk  fac to r  f o r  the  deve lopment  o f  LBP 
appears  to  be decreas ed musc le  endurance  ( I t o  e t  a l ,  1996) .  
I nd i v idua ls  w i th  LBP demons t ra te  abnorma l  t runk  f lexo r - t o-  
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ex tensor  s t r ength  ra t i os  (Bar r  e t  a l ,  2005) .  T runk  f l exo r  to  
ex tensor  ra t i o  may be  more impor tan t  t han  endurance o r  abso lu te  
s t rength  (Bar r  e t  a l ,  2007) .   
 
2.8.3 Compensation Mechanisms 
 
A  damaged pass ive  t i ssue  tha t  has  los t  s t i f f ness  o r  a  s ing le  
musc le  w i t h an  i nappropr ia t e  f o rce  can  resu l t  i n  i ns tab i l i t y  
(McGi l l ,  2001) .  Dys func t i on  i n  the  pass ive  s tab i l i s i ng  sys tem may 
be  c ompensated  fo r  by coac t i va t i on o f  the  g loba l  musc les  
resu l t i ng  i n  dys f unc t i ona l  ac t iv i t y  o f  the  super f i c i a l  mus c les .  Th is  
compensa t ion  w i l l  resu l t  i n  i ncreased  sp ine s tab i l i t y  and  s t i f f ness  
bu t  l eads  to  i nc reased  c ompress i v e l oad  on lumbar  segments .  The  
g loba l  musc les  c annot  prov ide  con t ro l  ov er  i nd i v idua l  s p ina l  
segments  and  there fo re  have  a  l im i ted  ab i l i t y  to  con t ro l  shear  
f o rces .  The end  resu l t  i s  comprom ised  sp ina l  func t i on  and                         
res t r i c t ed  s p ina l  mot ion.  The  g loba l  musc les  w i l l  be  unab le  to  
pe r f o rm the i r  i n tended  f unc t i on and  m ot ion ,  i f  t hey  a re  used  t o  
ach ieve sp ina l  s t ab i l i t y ,  and may per f o rm add i t i ona l ,  unwanted  
ac t i ons  (Barr  e t  a l ,  2005) .   
 
2.8.4 Postural  Control  
 
Sub jec t s  w i t h  LB P hav e a l te red pos tu ra l  cont ro l  and  per f orm 
poor l y  on  ba lance  tasks ,  due t o  impa i red  neuromuscu la r  f eedback  
and  de layed  musc le  reac t i on t imes (Bar r  e t  a l ,  2007 ;  Bar r  e t  a l ,  
2005) .  I f  l umbar  sp ine  p ropr iocept ive  is  d im in i shed,  loca l  musc le  
con t ro l  and  segmenta l  s t ab i l i t y  i s  a t  r i sk ,  m ak ing t he sp ine  
vu lne rab le  t o  in jury  (B rumagne  e t  a l ,  2000) .   
 
2.8.5 Rehabil i tat ion Programmes  
 
Lumbar -s tab i l i sa t ion  exerc i s e  p rogrammes  can  be used  t o  rega in  
sp ina l  s tab i l i t y .  The  componen ts  t ha t  need t o  be  addres sed 
inc lude :  t he  deep  mus cu la tu re  (mu l t i f i d i )  wh ich p rov ides  
i n te r segmenta l  l umbar  ve r teb ra l  con t ro l ;  musc les  wh ich  i nc rease 
in t r a -abdom ina l  press ure ( t ransv ersus  abdomin i s ,  pe l v ic  f l oo r ,  and  
t he d iaphragm) to  i ncrease  lumbar  s tab i l i t y ;  g loba l  musc les  
( l a t t i s im us dors i  and  quadra tus  l umborum) tha t  p rov ide  co -
con t rac t i on dur ing ac t iv i t i es  and  con t ro l  t runk  movement ;  and  t he  
co r rec t  neura l  c on t ro l  o f  thes e musc les  (Bar r  e t  a l ,  2007) .  I t  has  
been  s ugges ted tha t  by enhanc ing  musc le  cont ro l  o f  t he  s p ina l  
segments ,  and  improv ing  ac t i ve  segmenta l  s t ab i l i s a t i on ,  back  pa in  
can  be  con t ro l l ed  and  recur rence p reven ted (R ichards on and  J u l l ,  
1995) .   
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2.9 GROWTH AND DEVELOPMENT OF THE  
 ADOLESCENT 
 
“Growth i s  an impor tan t  f o r ce f or  change  in  ch i l dhood”  (Hens inger  
and  A rbor ,  1989) .   
 
G rowth  i s  ex t rao rd ina r i l y  com plex .  I t  i s  i n f l uenc ed  by i n ju r y,  
hea l th ,  d iseas e,  gender ,  gene t i cs  and  env i ronment .  I t  i s  
uncer t a in ,  asymmet r ic a l  and a t  t imes  d isp ropor t i ona te .  G rowth i s  
a  dynam ic  con t inuum,  on ly  p red ic t ab le  w i th in  na r row l im i t s  
(Hens inger  and  Arbor ,  1998) .  The ado lescen t  sp ine  is  i n  va ry ing  
s t ages o f  growth mak ing  i t  d i f f e rent  f rom the  adu l t  sp ine .  Un t i l  t he  
age  o f  18  years ,  the  sp ine o f  an  ado lesc ent  has  per iods  o f  
sporad ic  and  ex t reme g rowth ,  and  dur ing  t hese  per iods  o f  g rowth 
i t  i s  l ess  ab le t o  w i t hs tand s t r esses  (G r immer  and  W i l l i ams ,  
2000) ,  w i th  a  s teep  inc l i ne  i n  LBP in  ch i l d ren  observed  a round  
puber t y  (Andersen  e t  a l ,  2006) .  A  d i r ec t  re la t i onsh ip  appears  t o  
ex i s t  be tween  LBP and  the  rap id l y  g rowing  muscu loske le ta l  
s t ruc tures  (G r immer  and  W i l l i ams,  2000) .    
 
Mec han ica l  f o r ces ,  genet i cs ,  nut r i t ion ,  d rugs  and hormones  a f fec t  
t he g rowth,  deve lopm ent  and  ma in tenance  o f  t he body (Hens inger  
and  A rbor ,  1998 ;  LeVeau  and  Bernhard t  1984) .  Forces  ac t  on  the 
body and can  a f f ec t  t he  s i ze  and  shape  o f  the body par t s ,  
espec ia l l y  the muscu losk e le ta l  s ys tem.  The shap ing  o f  a  g rowing  
bone  c an  be s een in  abnormal  and norm al  g rowth.  Mechan ica l  
i n f l uences  on the  hum an body a re  ve ry im por tant  as  many aspect s  
o f  g rowth,  deve lopment  and ma in tenanc e a re  i n  f ac t  mechan ica l .  
The c l i n ic ian  by  unders tand ing t he reac t i ons  of  t i ss ues  and  growth  
p roces ses  to  l oads  can  ass is t  to  d i rec t  t he norma l  g rowth  and  
deve lopment  o f  t he  muscu loske le ta l  sys tem (LeVeau and  
Bernhard t  1984) .  
 
There  a re  d i f f e rent  t empos o f  growth  o f  the  ax ia l  and  append icu la r  
sk e le ton .  The g rowth  o f  t he l egs  befo re  puber ty  i s  more  rap id  
wh i l e  t he  growth  o f  t he  t runk  i nc reases  a t  puber t y .  Therefo re  
depend ing  on  t he age  o f  exposure to  pa tho logy,  def i c i t s  may 
appear  i n  the  sp ine  d imens ions  a t  the  t ime  o f  ear ly  puber t y  o r  i n  
l imb  d imens ions  prepuber t y  (Bass  e t  a l ,  1999) .  The  ado lescen t  
g rowth  spur t  i s  v ery d i f f e rent  between  g i r l s  and boys  (Hens inger  
and  A rbor ,  1989) .   
 
A  sma l l  cons tant  fo rc e  o r  l oad app l ied  t o  t i ssues has  a  g rea ter  
e f f ec t  t han  heavy  b r ie f  f o rce o r  l oad .  Dur ing the per iod  o f  g rowth  
a  pers is t ent  gen t le  l oad  may lead  to  defo rm i ty ,  o r  a l te rna t i ve l y  i t  
may be  us ed t o  co r rec t  a  def o rmat ion  (LeVeau and  Bernhard t  
1984) .  The  dynam ic  natu re  o f  g rowth  c an be  used t o  a  ch i l d ’ s  
advan tage  to  ensure  good  g rowth  and  deve lopment  as  i n  t he  
t rea tment  o f  the  sp ine  and  sco l i os is .  The  dynam ic  natu re  o f  
g rowth  can a l so  be  the f or ce f o r  inc reas ing  defo rm i t i es ,  such  as  
musc le  imba lance o r  an  i n ju r y to  a  g rowth  p la te  (Hens inger  and 
A rbor ,  1989) .                          22  
The f orces  o f  defo rm at ion af f ec t  thos e s t ruc tures  more  
susc ept ib le  t o  c reep ,  the  v iscoe las t i c  s t ruc tures .  I n  an  id iopa th ic  
sc o l i os is  t he  l i gaments  and  musc les  shor t en and  th ick en  on  t he  
concav e s ide and  s t re tc h and  re lax  on  the convex  s ide .  S im i la r  
changes  may be  seen  w i th  a  kyphos is  but  i n  an  an teropos te r io r  
d i rec t i on  (LeV eau and  Bernhard t  1984) .  
 
2.10 CONCLUSION OF LITERATURE REVIEW 
 
A  number  o f  mod i f i ab le  r i sk  f ac to rs  o r  r i sk  i nd i ca to rs  f or  
ado lescen t  LBP have  been  ident i f i ed .  These inc lude l i f es ty le  
f ac to r s  (spor ts  pa r t i c i pa t ion ,  phys i ca l  ac t iv i t y  pa r t i c i pa t i on and 
seden tary ac t iv i t ies ) ,  schoo l  re la t ed  f ac to rs  ( schoo l  bags ) ,  
phys i c a l  f ac to rs  (muscu la r  s t rength ,  f l ex ib i l i t y ,  phys i ca l  f i t ness )  
and  ps ychosoc ia l  fac to rs  (Bur ton ,  2005) .  The  ro le  o f  mos t  r i sk   
f ac to r s  r emains  con t rovers ia l  (Cardon  and  Ba lagué ,  2004) .  By   
es tab l is h ing wh ich  r i sk  f ac to rs  a re  impor tant ,  i t  i s  poss ib le  to  
des ign  an  appropr ia te  i n te rv ent ion  p rogramme.  A  d iscuss ion o f  
t he r i sk  f ac to rs  for  ado lescen t  LBP iden t i f i ed  i n  num erous  s tud ies  
a re  d i scussed  in  the  l i t e ra tu re  rev iew in  de ta i l  due t o  t he  f ac t  t hat  
i t  has  been ind icated  tha t  a  number  o f  fac to rs  may p lay an  
ae t io log i ca l  ro le  in  the dev e lopm ent  o f  ado lescen t  LBP due t o  t he  
ado lescen t  sp ine  be ing  i n  d i f fe rent  s tages o f  matu r i t y  (G r immer  
and  W i l l i ams,  2000) .   
 
Th is  s tudy a ims to  i nves t i ga te  bo th  t runk  musc le  endurance  and  
lumbar-pe lv ic  s t ab i l i t y  and  es tab l ish  the assoc ia t i on  w i th  
ado lescen t  l ow bac k  pa in .  Pa in  and  pa tho logy show an  
assoc ia t i on  w i t h  dys func t i ona l  motor  recru i tmen t  o f  t he  l oca l  and  
g loba l  s t ab i l i se r  sys tems (Comer f o rd  and  Mot t ram ,  2001) .  
Jo rdaan ,  ( 2005)  found  no  ass oc ia t ion  be tween  dec reas ed loca l  
s t ab i l i s e r  m usc le  func t i on  i n  ado lesc ent s  w i th  LBP,  wh i l e  o ther  
s t ud ies  (Bernard e t  a l ,  2008 ;  Sa lm inen  e t  a l ,  1992)  repor t  a  
s ign i f i c ant  assoc ia t i on  between  g loba l  s t ab i l i se r  and  g loba l  
mob i l i se r  dys f unc t ion  and low back  pa in .   
  
Th is  s tudy w i l l  a l so  inv es t i ga te  f ami l y  h i s to ry ,  spor t i ng  and  
phys i c a l  ac t i v i t y  pa r t i c i pa t i on ,  and  seden ta ry  ac t i v i t y  
pa r t i c i pa t i on.  A  number  o f  fac to rs  have  been  ident i f ied  as  
ae t i o log i ca l  con t r ibu to rs  towards  ado lescent  LBP .  Musc le  
dys func t i on i s  j us t  one c omponen t  tha t  cou ld  p lay  an  ae t io log i c a l  
ro le  and  canno t  be  l ooked a t  i n  i s o la t i on .  These  o ther  f ac to r s  w i l l  
be  l ooked  a t  to  ensure  the  samp le  rep resen ted  a  norm a l  s t udy 
samp le  and t o  pu t  t he sam ple  i n to  con tex t .  S eden ta ry and  
phys i c a l  ac t i v i t y  pa r t i c i pa t i on  may in f l uence t he resu l t .  By look ing  
a t  t hese f ac to rs  i t  i s  ensured  t ha t  the  samp le  was  not  b iased ,  w i th  
a  s tudy  samp le  tha t  does not  pa r t i c i pa te  i n  phys i ca l  ac t iv i t y  o r  
pa r t i c i pa tes  t o an  ex t rem e and  t he  s ame wi t h  seden ta ry ac t i v i t y  
pa r t i c i pa t i on.    
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Ev aluat ing mod i f iab le  r i sk  f ac to r s  fo r  the  poss ib le  deve lopment  o f  
l ow back  pa in  in  ado lescen ts  i s  re levan t  i f  p rev enta t ive  
i n te r vent ion can be  imp lemented .  Mod i f y ing  c e r ta in  r i sk  f ac to r s  
and  im plem ent ing p rev enta t iv e  meas ures  i n  schoo ls  may se rve t o  
p reven t  t he deve lopment  o f  ado lescen t  LBP.  R isk  f ac to r  
mod i f i ca t i on  w i l l  no t  necessar i l y  resu l t  i n  t he p revent ion  o f  LBP 
because  the  p r imary  causa t i ve  mechan isms f or  f i r s t  t ime LBP 
rema in  l a rge ly  unde te rm ined  (Bur t on,  2005;  Cardon  and  
Ba lagué2004) .   .                   
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CHAPTER 3 – METHODOLOGY 
 
3.1 STUDY DESIGN 
 
The s tudy is  a  c ross  s ec t i ona l  s tudy 
 
3.2 SAMPLE SELECTION 
 
3.2.1 Sample populat ion 
 
The popu la t i on  c hosen  were  ado lescen ts  i n  g rade  8-11  o f  both  
genders  a t t end ing one  o f  t he I ndependen t  Sc hools  As soc ia t ion  o f  
Sou th  A f r i ca  ( ISASA)  member  schoo ls  i den t i f i ed  i n  t he  Cen t ra l  
Gauteng reg ion  who  agreed  to  pa r t i c i pa te  i n  the s tudy .   
 
A t  t he  t ime o f  the s t udy  t he re  were 67  s choo ls  r eg i s te red  as  
ISASA mem ber  schoo ls  i n  the  Cent ra l  Gau teng  reg ion .  Schoo ls  
i den t i f i ed  t o  pa r t i c i pa te  i n  t he s tudy were  nar rowed down t o  24  
sc hoo ls  based on  schoo ls  w i th  bo th  ma les  and f em ale  s t udents  
and  s im i la r  s por ts  o f fe red.  F rom thes e 24 schoo ls  t hat  were  
approached  t h ree agreed t o  pa r t i c ipa te  i n  t he  s t udy.  
 
3.2.2 Sample selection 
 
3 . 2 .2 .1  Inclusion cr i ter i a  
 
•  Ma le  and f em a le  ado lescen ts  i n  g rades  8 -11,  aged  12  t o   
 17  years .  
•  Ado lescen ts  f rom wh ich  consent  and  as sent  was  ob ta ined.  
 
3 . 2 .2 .2  Exclusion cr i ter i a  
 
•  Ado lescen ts  w i th  a  h i s t o ry o f  sp ina l  su rgery.  
•  Use  o f  o r thot ic  dev i ces  such as  b rac es o r  l umbar  suppor t .  
•  Surgery,  f rac tures  o r  o ther  o r thopaed ic  p roc edure  t o  pe l v i s  o r  
 l ower  l im bs w i t h in  t he l as t  s ix  m onths .  
•  Ado lescen ts  w i th  known sp ina l  pa tho logy  (Scheurmann ’s   
 d i sease,  s pond lyos is ,  spondylo l i t hses is ,  rheumat ic  p rob lems) .  
•  Ado lescen ts  w i th  v i s ib le  sp ina l  patho log ies  (sco l i os is ,   
 kyphos is ) .  
•  Neuro log i ca l  cond i t i ons  wh ich a l te r  moto r  t one.  
•  Any  o ther  se r ious  co -morb id i t i es .  
 
3.2.3 Sample size  
 
The quest ionna i re  i nves t i gated t he fo l l ow ing  f ou r  ma in  f ac to rs :  
•  Fami l y  h i s to ry  
•  Spor ts  pa r t i c ipat ion  
•  Phys i ca l  ac t i v i t y  pa r t i c i pa t i on  
25  
•  Seden tary par t i c ipa t i on  
                                                                                           
The phys i c a l  asses sment  i nves t i gated  the f o l l ow ing  f our  
f ac to r s :  
•  Func t iona l  i n t eg r i t y  o f  l umbar  s t ab i l i s i ng musc les  
•  Abdom ina l  musc le  enduranc e  s t reng th  
•  Back  ex tensor  musc le  endurance  s t r eng th  
•  S ide f l exo r  endurance  s t r ength  
 
The quest ionna i re  was  va l ida ted p rev ious l y  and  was  t he re fo re  
used  in i t s  en t i re ty  a l t hough  no t  a l l  t he  i n f ormat ion cap tu red was 
re levan t  f o r  the cu r ren t  s tudy and  d id  no t  f o rm par t  o f  t he  
s t a t is t i ca l  ana lyses .  O ther  phys i c a l  fac to rs  meas ured  t o  es tab l i sh  
t he anth ropom et r ic  charac te r is t i cs  o f  t he  sam ple  and  were  no t  
pa r t  o f  t he  ob jec t ives  o f  th i s  s t udy and  were  no t  i nc luded  in  t he 
s t a t is t i ca l  ana lyses .  The s tudy the re f o re  inv es t i gated e igh t  fac to rs  
i n  to t a l  and  were  ana lysed  s ta t is t i ca l l y .  Fo r  s t a t i s t i ca l  pu rposes  
f o r  each  f ac to r  t o  be  inv es t i gated n= 10,  the re f ore  m in imum 
samp le  s i ze  n=80.   
 
3.2.4 Ethical  consideration 
 
The Research p ro toco l  was  subm i t ted  to  the Research  E th ic s  
Commi t tee o f  t he  Un ive rs i t y  o f  the  W i twate rs rand  and  approv a l  t o  
conduc t  t he  research  was  g ran ted (Append ix  J ) .   
 
On ly  s ub jec t s  f r om whom wr i t ten  i n fo rm ed assent  was  g ranted as  
we l l  as  wr i t ten  i n fo rmed consent  f rom a  parent /guard ian  were  
i nc luded  in  the  s tudy .  A l l  i n f o rmat ion  rema ined  s t r i c t l y  
conf ident ia l .  Anonym i t y  o f  the  sub jec ts  was ma in ta ined  by 
a l l oca t i ng  each sub jec t  a  re f e rence  number  wh ich was  used on  a l l  
documenta t i on ,  da ta  co l l ec t i on  shee t s  and  any re la ted  da ta  f o r  the  
s t udy.  The persona l  de ta i l s  o f  the  sub jec ts  were  on ly  av a i l ab le  to  
t he researcher  and  were  k ept  in  a  secure  p lac e.  The l i s t  o f  names 
and  numbers  w i l l  be  kep t  i n  a  secure  p lace on ly  k now to  the  
researcher .   Names  and  persona l  in f o rmat ion  w i l l  no t  be d iv u lged .  
The names o f  t he  schoo ls  i nc luded  in  the s tudy  sha l l  rema in  
conf ident ia l .  The  phys i ca l  assessment  was c onduc ted  in  a  
sec luded  area t o  ensure p r ivacy .  The  r i gh ts  o f  a l l  par t i c i pan ts  was  
p ro tec ted .   
 
3.3 MEASURING INSTRUMENTS 
 
3.3.1 Questionnaire 
 
A ques t ionna i re  was  used to  obta in  i n f o rmat ion  on LBP and  t he 
charac te r i s t i cs  and  behav iour  o f  pa in ,  phys i ca l  and  seden tary 
ac t iv i t i es ,  emot iona l  s ta tus  and  f am i l y  h i s t o ry .  
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The quest ionna i re  used was  va l i da ted  and  used in  a  p rev ious   
s t udy inv es t i gat i ng t he p reva lence  o f  and r is k  f ac to rs  fo r  
ado lescen t  LBP.  I t  was  deve loped  fo r  the  Sou th  A f r i can  
ado lescen t  (J o rdaan,  2005) .   Perm iss ion was  g ranted  t o  use t he  
ques t ionna i re .  The  ques t ionna i re  cap tu red  da ta  t ha t  was  no t  used  
in  the  c u r ren t  s t udy and  shou ld  have  been  modi f i ed  f o r  t he m ain  
ob jec t iv es  o f  the  s tudy.  Th is  i s  iden t i f i ed  as  a  l im i ta t i on  o f  t he  
s t udy.   
 
3.4 PHYSICAL MEASURMENTS 
 
3.4.1 Trunk muscle endurance 
 
T runk  musc le  enduranc e  eva luat i on has  g reate r  d isc r im ina t i ve  
va l i d i t y  t han  max ima l  vo lun ta ry cont rac t i l e  fo rc e (Demou l in  e t  a l ,  
2004) .  T runk  musc le  enduranc e may be  a  be t t er  p red ic tor  o f  LBP 
t han  musc le  s t reng th ,  and  impor tant  i n  t he preven t ion  and   
rehab i l i t a t i on  o f  LBP  (A rab e t  a l ,  2007) .  Isom et r i c  endurance  
musc le  t es t i ng  requ i res  no spec ia l  equ ipm ent ,  i s  qu ick  and easy 
as  we l l  as  be ing  cos t  e f f ec t iv e (A rab  e t  a l ,  2007) .   
 
I n t ra - ra te r  and in te r - ra te r  re l i ab i l i t y  i s  h igh f or  a l l  endurance  tes ts  
(E vans  e t  a l ,  2006) .  For  a l l  endurance  tes t s ,  t he  s ub jec t  was  
encouraged  t o  ho ld  the tes t  fo r  as  long as  poss ib le .  Tes ts  were  
t e rm inated  i f  the  pos i t i on  cou ld  not  be  main ta ined o r  i f  t he re  was  
obv ious  s igns  o f  fa t i gue  o r  pa in  (Evans  e t  a l ,  2006) .   
 
3 . 4 .1 .1  T runk extens ion muscle  endurance  
 
Back  ex tensor  endurance  was  recorded  us ing t he S orensen  t es t  
(B ernard e t  a l ,  2008 ;  A rab e t  a l ,  2007 ;  Evans  e t  a l ,  2006 ;  
Anders en e t  a l ,  2006 ;  S jo l i e  and L junggren ,  2001 ;  Sa lm inen  e t  a l ,  
1992) .   
 
The par t i c i pan t  was  pos i t i oned  in  prone w i th  the upper  edge  o f  the  
i l i ac  c res t s  a l i gned  w i t h  the edge  o f  the tab le .  The lower  body was  
f i xed t o  t he  t ab le  by two  s t raps ,  l oca ted  a round  the pe lv i s  and  
ank les .  The  upper  body was  suppor t ed  on a  sm a l l  s t oo l  s l i gh t l y  
l ower  than  t he  p l in t h .  W i th  t he a rms  fo lded  ac ross  the  chest ,  the  
pa t i en t  was  ins t ruc ted t o  ma in ta in  the  upper  body in  a  hor i zon ta l  
pos i t i on  f or  as  l ong  as  poss ib le ,  o r  un t i l  t he  pos i t i on  cou ld  no 
l onger  be  main ta ined ,  t he  t es t  was  s topped  a f te r  240 seconds  
(A rab e t  a l ,  2007 ;  Ev ans  e t  a l ,  2006 ;  Demou l in  e t  a l ,  2004 ;  
Sa lm inen e t  a l ,  1992) .   
 
The measurem ent  was  recorded  once .   
 
3 .4 .1 .2  T runk f l ex ion muscle  endurance  
 
Abdom ina l  enduranc e was  recorded us ing t he Sh i rado  tes t  
(B ernard e t  a l ,  2008 ;  Ev ans  e t  a l ,  2006 ;  I to  e t  a l ,  1996 ;  Sa lm inen  
e t  a l ,  1992) .                           27  
The par t i c i pan t  was  pos i t i oned  in  sup ine ,  a rms c rossed  over  the i r  
ches ts  and  h ips  and knees f l exed to  90°.  The  tes t  began  when  t he 
sub jec t  pe r f o rmed a  sma l l  s i t -up  l i f t ing  the shou lders  o f f  t he  
p l i n th .  The  pos i t i on  was  he ld  f o r  as  l ong  as  poss ib le ,  o r  un t i l  t he  
pos i t i on  cou ld  no l onger  be  main ta ined ,  t he  t es t  was  s topped  a f te r  
240  s econds (Evans  e t  a l ,  2006) .   
 
The measurem ent  was  recorded  once .  
 
3 .4 .1 .3  T runk l atera l  f l ex ion muscle  endurance  
 
The t runk  la t e ra l  f l exo r  endurance was  recorded  us ing  t he s ide 
b r idge  endurance  tes t  (Ev ans  e t  a l ,  2006 ;  Mc Gi l l  S  e t  a l ,  1999) .   
 
The par t i c i pan t  was  pos i t i oned  l y ing  on t he i r  s ides  wi th  the i r  l egs   
ex tended  res t i ng  on  the i r  fo rearm wi t h  t he  e lbow f l exed  to  90°.   
The t op f oot  i s  p laced  in  f ron t  o f  t he  l ower  f oot  f o r  suppor t .  The 
par t i c i pan t  was  ins t ruc ted t o  l i f t  t he  h ip  o f f  t he  bed ,  suppor t  
t hemse lves  on  t he i r  one  e lbow and  t he i r  f ee t ,  and  ma in ta in  a  
s t ra igh t  l i ne  w i t h  the  who le  body th roughou t  t he t es t .  The  
un invo lved a rm was  he ld  ac ross  the  chest  w i t h  t he hand  p laced  on 
t he oppos i te  shou lder .  The pos i t i on  was  he ld  f o r  as  long  as  
poss ib le  (Evans  e t  a l ,  2006 ;  McGi l l  e t  a l ,  1999) .  The tes t  was  
repea ted  on  t he oppos i t e  s ide.   
 
The measurem ent  was  recorded  once .  
 
3.4.2 Lumbar-pelvic stabi l i ty 
 
The ASLR tes t  was  us ed  t o  measure  t he f unc t i ona l  in t eg r i t y  o f  the  
l umbar  s t ab i l i s i ng  musc les  (Mens  e t  a l ,  2001) .  The  re l i ab i l i t y  o f  
t he  t es t  has  been  es tab l ished  (Mens  e t  a l ,  2001) .  The  t es t - re tes t  
re l i ab i l i t y  o f  t he  AS LR measured w i th  Pearson ’s  co r re la t i on  
coef f i c i en t  was  0 .87  (Mens  e t  a l ,  2001) .  The  ASLR tes t  i s  easy to   
pe r f o rm,  r e l i ab le ,  w i t h  h igh  re l i ab i l i t y ,  sens i t i v i t y  and  s pec i f i c i t y  
(Mens  e t  a l ,  2001) .  The ASLR tes t  i s  a  v a l ida ted and  re l i ab le  tes t  
t o  ass es s  load  t r ans fe r  t h rough t he  pe lv i s  (Bea les  e t  a l ,  2008) .   
 
The par t i c i pan t  i s  pos i t i oned  in  sup ine,  and asked  to  a l te rna t i ve l y  
ra i se  the l egs  20cm.  The sub jec t  repor ts  the  ease o r  d i f f i cu l t y  o r  
pe r f o rm ing t he t es t ,  ra t i ng  i t  as  no t  d i f f i cu l t  a t  a l l ;  m in imal l y  
d i f f i cu l t ;  somewhat  d i f f i cu l t ;  f a i r l y  d i f f i cu l t ;  ve ry  d i f f i cu l t ;  o r  unab le  
t o  do (Mens  e t  a l ,  2001;  Mens  e t  a l ,  2002) .  To quan t i fy  t he  
measurement  th ree  p ressure b io feedback  un i ts  were  used  t o  
measure t he ro ta to ry  c omponen t  o f  the  sp ine  (Ju l l  e t  a l ,  c i t ed  by 
Jo rdaan ,  2005) .  Two p res sure  b io f eedback  un i t s  were  pos i t i oned  
benea th  the pos ter io r  super io r  i l i ac  sp ines  on  each s ide  j us t  
l a te ra l  t o  t he  m id l i ne .  One p ress ure b io f eedback  un i t  was  p laced  
benea th  the l eg a t  t he ank le  o f  the  res t i ng  l eg.  Each  was  in f l a ted 
t o  a  bas e l ine  p ressure  o f  40mmHg (Jo rdaan ,  2005) .  
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The par t i c i pan t  was  ins t ruc ted  t o  l i f t  one  leg  20cm abov e  t he  bed ,  
keep ing  t he  l eg s t ra ight ,  and ho ld  fo r  5  seconds to  a l low 
record ing  o f  the press ure change  a t  the th ree  p ressure  
b io feedback un i t s .  Th is  was repea ted  on  t he  oppos i te  l eg .  The 
t es t  was  repea ted tw ice and  t he mean  va lue used .  
 
The sub jec t  t hen  s tood and  was  f i t ted  w i t h  a  sac ro i l iac  be l t .  The  
mob i l i t y  o f  t he  S IJ  i s  reduced  when  a  S I J  be l t  i s  f i t t ed  around  t he  
pe lv i c  g i rd le  (Mens  e t  a l ,  1999) .  The  tes t  was  t here fore  repea ted 
w i th  t he  S I J  be l t  to  assess  i f  by improved  fo rm c los ure  t he l oca l  
s t ab i l i t y  musc le  f unc t i on im proved .  The t es t  was  then  repea ted  as  
above  and  the  sub jec t ’ s  pe rc ept ion and  the  p ressure changes 
recorded .   
 
3.5 PROCEDURE 
 
3.5.1 Pi lot  study 
 
F ive ado lescen ts  w i t h in  t he  s ame age  range as  the  s t udy  were  
rec ru i ted  f rom one  o f  the  schoo ls  who  had  g i ven  permiss ion  to  
pa r t i c i pa te  i n  t he s t udy.  I n f o rm at ion s heets  were  g i v en  to  t he 
paren t s  and  the  learners  and  consen t  and as sent  ob ta ined .  The 
phys i c a l  exam inat ion  tec hn iques were  conduc ted  and t he 
ques t ionna i re  comp le ted .  The  phys i ca l  ex am ina t ion  was  repea ted  
on  t he s ame f i ve  sub jec ts  one  week  la te r .  The  p i l o t  s tudy  a l l owed  
t he researcher  t o  fam i l i a r i se  herse l f  w i t h  a l l  ex am inat ion  
t echn iques  and  t he  da ta  c o l l ec t i on  fo rm,  to  es tab l ish  in t ra - ra te r  
re l i ab i l i t y  o f  t he  phys ic a l  asses sment  measurements ,  and  to  
es tab l is h  a  t ime f rame f o r  comp le t ion  o f  t he  phys i ca l  assessment  
and  t he ques t ionna i re .  The resu l t s  f rom the  p i l o t  s t udy  s howed 
good  in t ra - ra te r  re l i ab i l i t y  and  a re  p resen ted  in  Append ix  K  (Tab le  
4 .8  and Tab le  4 .9) .   
 
3.5.2 Main study  
 
The f o l l ow ing  was  done  p r io r  t o  c ommencement  o f  the  da ta  
co l l ec t i on .                                                                           
•  A  l e t t e r  was  wr i t ten  to  t he I ndependen t  Schoo ls  Assoc ia t i on  
o f  South  A f r ic a ,  reques t ing  permiss ion  to  conduct  t he  s t udy 
a t  t he  secondary  s choo ls  who  are  mem bers  o f  ISASA 
(A ppend ix  A ) .  The  researcher  was inf o rmed that  pe rm iss ion  
was  no t  necessary  f rom the  ma in  body and  t o  c ontac t  t he 
i nd i v idua l  sc hoo ls  f or  pe rmiss ion .  
 
•  A le t t e r  was  wr i t ten  to  t he i nd iv idua l  sc hoo ls  be long ing  to  
t he ISASA,  reques t ing the i r  pe rm iss ion  t o  pa r t i c i pate  i n  t he 
s t udy (Append ix  B ) .   
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•  Three  sc hoo ls  i nd i ca ted i n te res t  i n  t he  s tudy.  A ppo in tments  
were  se t  up  w i t h  the  p r inc ipa l s  and  s ta f f  t o  exp la in  t he  
purpose  o f  the  s tudy  and  obta in  t he i r  pe rm iss ion  fo r  the 
l ea rners  o f  t he i r  sc hoo l  t o  pa r t i c i pate  i n  t he s t udy.  
 
•  The paren t  (A ppend ix  C)  and lea rners  (Append ix  D)  
i n f o rmat ion  l e t t e r ,  t he  paren t /guard ian ’ s  in f o rmed consen t  
f o rms (Append ix  E ) ,  t he  l ea rners  ass ent  fo rm  (Append ix  E ) ,  
and  m edic a l  h is t ory ques t ionna i res  (Append ix  F )  were  
d i s t r i bu ted to  every l ea rner  in  g rade  8  t o  grade  11  a t  t he 
t h ree  sc hoo ls .  
 
•  The consen t /assen t  fo rms  were  re tu rned  and  a  l i s t  o f  
l ea rners  comp i led f rom  each  schoo l  o f  t hose lea rners  w i l l i ng  
t o  pa r t i c i pate  i n  the  s t udy.   
 
3 . 5 .2 .1  Data  Col lec t ion  
 
3 .5 .2 .1 .1  Quest ionnai re  
 
•  Each lea rner  who  gave  perm iss ion  to  par t i c i pate  i n  the  s t udy  
was  a l loc ated  a  re f e rence num ber  wh ich  appeared  on  a l l  
da ta  co l l ec t i on  f orms .  The  re fe rence  number  was recorded  
on  a  comp le ted l i s t  o f  t he  l ea rners ’  names,  to  ensure t he 
same re fe rence num ber  was  used on  the da ta  co l l ec t ion  
shee t  o f  t he  phys i ca l  ass essment .   
 
•  The quest ionna i re  (Append ix  G)  was  exp la ined  to  thos e  
lea rners  who  agreed  to  pa r t i c i pa te  in  the s t udy .  The 
ques t ionna i re  was  t hen d i s t r i bu ted to  each  learner  f o r  
comp le t i on .  The learners  kep t  the  ques t ionna i re  unt i l  t he  
phys i c a l  asses sment .  A f t e r  the  phys i ca l  assessm ent ,  t he  
l ea rner  re tu rned  the  ques t ionna i re  and  asked any ques t ions .  
The researcher  checked  t he  ques t ionna i re  t o  ensure a l l  
aspec t  were comple ted  and unders tood .   
 
3 .5 .2 .1 .2  Phys ica l  assessment  
 
•  A  su i t ab le  t im e was  a r ranged  w i t h  the  i nd i v idua l  sc hoo ls  f o r  
comp le t i on  o f  t he phys ic a l  asses sment .                            
The phys i c a l  asses sment  was conduc ted in  a  p r iva te f ac i l i t y .  
The researcher  conduc ted  a l l  t he  phys i ca l  tes ts  and  t he  
resu l t s  were  c aptu red  on  a  da ta  c aptu re  fo rm  (Append ix  I )  
f o r  each  sub jec t .   
 
•  The phys i c a l  asses sment  was conduc ted in  t he f o l l owing  
o rder :  
•  AS LR tes t  
•  AS LR  tes t  w i t h  be l t  
•  Abdom ina l  musc le  enduranc e  t es t  
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•  Back  ex tensor  musc le  endurance  t es t  
•  T runk  s ide f l exo r  enduranc e t es t  on r igh t  
•  T runk  s ide f l exo r  enduranc e t es t  on l e f t  
•  A  one  m inute  res t  pe r iod  was g i ven be tween t he 
endurance  tes ts  
 
3 .5 .2 .2  Data  Capture  
 
The da ta  f rom the ques t ionna i re  and  f rom  the  phys ica l  
assessment  data  cap tu re  s hee t  were  captu red  in t o  a  Mic ros of t  
Exce l  sp reads heet  w i t h  t he  s ub jec t ’s  re fe rence number .  Each  se t  
o f  data  was doub le  checked .  
 
3.6 STATISTICAL ANALYSIS 
 
P rev a lenc e  o f  LBP wi t h in  the s t udy  was  expres sed as  a  
percen tage .   
 
The ana lyses  were  des ign based  and  conducted  a t  a  l eve l  o f  
s ign i f i c ance  o f  p=0 .05 .  S ta t is t i c a l l y  s ign i f i can t  resu l t s  were  
cons idered  w i th  a  p -v a lue equa l  t o  o r  smal le r  than 0 .05 .  A  p -va lue 
be tween  0 .05  and 0 .1  was  cons idered  as  marg ina l l y  s ign i f i cant ,  
and  a  p -va lue  of  more than  0 .1  was  not  s t a t i s t i ca l l y  s ign i f i cant .   
 
Conf idence l im i t s  (C I  95%)  were  dete rm ined  f or  t hose da ta  w i t h  a  
p -v a lue  tha t  was  s ta t is t i ca l l y  s ign i f i can t   
 
For  t he  c a tegor i ca l  da ta ,  Pearson  Ch i -squared  tes t  o f  
i ndependence  was  used .  Th is  i s  based  on  the expected  va lues  o f  
t he f requenc y d i s t r i bu t i on.  The  nu l l  hypo thes is  i s  t hat  the 
ou tc omes a re  s ta t i s t i c a l l y  i ndependen t .  The nu l l  hypo thes is  can  
be  re jec ted  and i t  can be  conc luded  that  t he re  is  a  re la t i onsh ip  
be tween  the  va r iab les  a t  the 5% leve l  o f  s ign i f i cance  i f  t he  p -
va lue  is  l ess  t han 0 .05.   
 
ANOVA (Ana lys i s  o f  V ar iance)  i s  done  to  compare means  be tween   
t h ree  o r  more i ndependen t  sam ples .  Th is  was used  to  es tab l i sh                  
t he  re la t ions h ip  be tween  t runk  musc le  endurance and lumbar -
pe lv i c  s t ab i l i t y .  The  nu l l  hypo thes is  i s  that  t he means  a re  equa l .  I f   
t he  p -va lue  i s  l ess  t han  0 .05 ,  the  nu l l  hypo thes is  c an be  re jec ted               
and  i t  c an  be  conc luded t hat  the re  i s  a  s t a t is t i ca l l y  s ign i f i can t  
d i f f e rence be tween  t he s amples  a t  the  5% leve l .   
 
The  S tudent ’ s  two-samp le  t - t es t  i s  used  t o  c ompare  m eans  
be tween  two  independen t  samp les .  The nu l l  hypo thes is  i s  t hat  the 
means a re  equa l .  The  norm al  s t uden t ’ s  t - tes t  assumes  tha t  t he  
va r iances  a re  equa l .  But  f o r  t he  endurance  tes t s  the  va r iances a re  
no t  equa l  acc ord ing  t o  a  Fo lded  F  tes t ,  so ,  S at t herwa i tes  t - tes t  
was  used  f o r  th i s  va r iab le .  Th is  i s  a  v a r ia t i on  o f  the  s t uden t ’s  t -
t es t  des igned  f o r  samp les  were  t he va r iances  a re  no t  equa l .  I f  t he   
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p-v a lue  is  l ess  t han  0 .05,  the  nu l l  hypo thes is  c an be  re jec ted and  
i t  can be  conc luded  that  t he re  i s  a  s ta t is t i ca l l y  s ign i f i can t  
d i f f e rence be tween  t he s amples  a t  the  5% leve l .   
 
3.7 CONCLUSION 
 
The s tudy des ign ,  a ims ,  sample  se lec t ion number  and  inc lus ion 
and  ex c lus ion c r i te r i a  have been  presen ted  in  t h is  c hapte r .  The 
p rocedure  and  method  o f  t he s tudy has  been  desc r ibed  as  we l l  as  
t he data  co l l ec t i on ,  data  record ing and  s ta t is t i ca l  ana lys is .  The  
resu l t s  o f  the  s t a t i s t i ca l  ana lys i s  w i l l  be  p resented  in  chapte r  4 .   
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CHAPTER 4 – RESULTS 
 
4.1 INTRODUCTION 
 
The a im of  the  s tudy  was  t o i nves t iga te  the  assoc ia t ion  be tween  
t runk  musc le  enduranc e  and  lumbar -pe lv ic  ins tab i l i t y  i n  
ado lescen ts .  I f  an  ass oc ia t i on  ex is ts  a  r i sk  fac to r  may be  
iden t i f i ed .  Other  prev ious l y  iden t i f ied  r i sk  f ac tors  were  a l so  
i nves t i ga ted,  a l t hough  no t  pa r t  o f  the  p r imary ob jec t ives  o f  the  
s t udy.  These  inc luded  f am i l y  h i s t ory,  spor ts  ac t i v i t y  pa r t i c i pa t i on,  
phys i c a l  ac t i v i t y  pa r t i c i pa t i on  and  seden ta ry ac t i v i t y  pa r t i c ipa t i on.   
Da ta  was co l l ec ted  by means o f  a  ques t ionna i re  and a  phys i ca l  
assessment ,  as  des c r ibed in  Chap te r  3 .  The  f i nd ings  a re  
p resen ted  in  th is  chap te r .   
 
4.2 QUESTIONNAIRE 
 
4.2.1 Demographic Distr ibution 
 
The quest ionna i re  was  comp le ted by a  t o t a l  o f  80 l earners  i n  
g rades  8  t o  11 ,  aged  12 t o  17 years ,  a t  t h ree  h igh  schoo ls  i n  t he 
Gauteng reg ion .  There  was  a  f a i r l y  even  representa t ion  o f  ma le 
(42 .50%,  n=46)  and  f ema le  par t i c i pan ts  (57 .50%,  n=35)  (A ppend ix  
L ,  Tab le  4 .10) .  
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F igure  4 .1     Representa t ion  of  male and female  par t i c ipat ion  
in  each age  group  
 
The age  g roup represen ta t i on  i s  i l l us t ra ted i n  F igu re  4 .1 .  The  12 
year  o ld  age  group  was  sma l l  in  compar is on t o  t he o ther  g roups  
(n= 2) ,  t he  16  and 17  year  o ld  age groups  were  m odera te l y  
rep res en ted  (n=11  and n= 6 res pec t i ve l y ) ,  t he  13,  14 and  15 year   
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o ld  g roups  were  we l l  rep resen ted (n= 18 ,  n= 24 and  n= 19 
respec t i ve l y)  (Append ix  L ,  Tab le  4 .11)  
 
The representa t i on  o f  ma les  and f ema les  w i t h in  each age  g roup  i s  
rep res en ted  in  F igu re  4 .1 .  The  age g roups were  rep res en ted  by  
an  a lm os t  equa l  number  o f  ma les  and f em a les ,  excep t  t he  15 year  
o ld  age  g roup wh ich  was  represen ted  by m ore  f ema les  than  
ma les .   
 
4.2.2 Prevalence of LBP 
 
The l i f e t ime p reva lence  o f  ado lescen t  LBP in  th is  s t udy was  
82 .50% (n= 66) ,  one-year  p reva lence  was  78 .80% (n=63) ,  and 
po in t  p reva lence was  23 .80% (n= 19) .   
 
P rev a lenc e  o f  LBP wi t h in  the s t udy  was  es tab l is hed to  ascer ta in  i f  
t he  samp le  i s  rep resen ta t i ve  o f  a  no rmal  samp le  and  to  co r re la te  
t h is  s tudy samp le  to  o ther  s t ud ies .   
                                                                                          
4 . 2 .2 .1   Prevalence  o f  LBP by gender  
 
The p reva lence  o f  LBP be tween  genders  is  rep resented  in  Tab le  
4 .1  
 
Table  4 .1  Preva lence  of  LBP by gender  
       F e m a l e  ( n = 4 6 )             M a l e  ( n = 3 5 )  P r e va l e n c e  
o f  L B P  ( %)    
        %         N         %        N  
L i f e t i m e       8 0 . 4 3        3 7       8 5 . 2 9        2 9  
1 - Y e a r        8 0 . 4 3        3 7       7 6 . 4 7        2 6  
P o i n t         2 8 . 2 6        1 3       1 7 . 6 5        6  
 
The l i f e t ime p reva lence  was  s l i gh t l y  h igher  i n  males  than  f ema les .  
The one-year  p reva lence and po in t  p reva lence  were  h igher  i n  
f ema les  t han  ma les .   
 
4 . 2 .2 .2   Prevalence  o f  LBP by age  group 
 
The p reva lence  o f  LBP wi th in  eac h age  group is  rep resen ted in  
Tab le  4 .2   
 
Table  4 .2  Preva lence  of  LBP by age  group  
L i f e t i m e  P r e va l e n c e 1 - Y e a r  P r e va l e n c e  P o i n t  P r e va l e n c eAg e   
G r o u p  
     %       n      %       n      %      n  
1 2  ye a r  ( n= 2 )      1 0 0       2     1 0 0       2       0      0  
1 3  ye a r  ( n= 1 8 )    8 8 . 8 9      1 6    8 8 . 89      1 6    3 3 . 33      6  
1 4  ye a r  ( n= 2 4 )    7 9 . 1 6      1 9    7 9 . 17      1 9     8 . 3 3      2  
1 5  ye a r  ( n= 1 9 )    7 3 . 6 8      1 4    7 3 . 68      1 4    2 6 . 32      5  
1 6  ye a r  ( n= 1 1 )    9 0 . 9 1      1 0    6 3 . 64       7    2 7 . 27      3  
1 7  ye a r  ( n= 6 )     8 3 . 3 3       5    8 3 . 33       5    5 0 . 00      3  
 
The resu l t s  i nd i c a te  a  h igh l i f e  t ime,  one year  and  po in t  
p reva lence  in  t he 13  year  o ld  age  group .  The  l i f e  t ime  p reva lenc e 
shows  an  inc rease  aga in  a t  t he 16  year  o ld  age  g roup .  P o in t   
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preva lence  in  t he 13  year  o ld  and  the  17  year  o ld  age  g roup  was  
h igher  t han in  the 14  year  o ld ,  15  year  o ld ,  and  16 year  o ld  age 
g roup .    
   
The charac te r i s t i cs  o f  LBP a re  p resen ted  in  A ppend ix  M.   
        
4.2.3 The associat ion between LBP and fami ly history  
 
Thos e  ado lescents  wi t h  a  h i s t o ry o f  LBP and a  f ami l y  h i s t or y o f  
LBP a re  p resented  in  Tab le  4 .3 .  
                                                                                         
Table  4 .3  Preva lence  of  LBP and fami ly  his tory 
               F a mi l y  H i s t o r y  
           Y e s              No  
P r e va l e n c e   
o f  L B P   
      %        n       %     n  
p - va l u e  
  
Confidence 
Limits 
(CI 95%) 
L i f e t i me  ( n = 6 6 )     5 6 . 0 6       3 7     4 3 . 9 4     2 9   0 . 3 6 8  44.09 – 67.37 
1  Y e a r  ( n = 6 3 )     5 8 . 7 3       3 7     4 1 . 2 7     2 6   0 . 0 8 6  46.57 - 70.89 
P o i n t  ( n = 1 9 )     7 8 . 9 5       1 5     2 1 . 0 5      4   0 . 0 1 2  60.62 – 97.28 
N o  L B P  ( n = 1 4 )     4 2 . 8 6        6     5 7 . 1 4      8   0 . 3 6 8  21.38 – 67.41 
 
There  was  an assoc ia t i on  between  po in t  p reva lence o f  LBP and 
f am i l y  h i s to ry  (p=0 .012) .  Of  t hose sub jec ts  w i t h  a  po in t  
p reva lence  o f  LBP,  78.95% (n= 15)  repor t ed  a  f ami l y  h i s to r y of  
LBP.  There was  a  marg ina l l y  s ign i f i can t  ass oc ia t i on  between  one  
year  p reva lence o f  LBP and f am i l y  h i s to ry  (p= 0 .086) .  There was  
no  as soc ia t i on  between  l i f e  p rev a lenc e  o f  LBP  and f am i l y  h i s to r y 
o f  LBP  (p= 0 .368) .   
 
4.2.4  The associat ion between LBP and activi ty level  
 
Spor ts  pa r t i c ipat ion  and  o ther  phys i ca l  ac t iv i t y  pa r t i c i pat i on were 
de te rm ined  by mul t ip l y ing  the f r equenc y o f  s por ts  pa r t i c i pa t i on  
per  week ,  by the  dura t i on  o f  a  p rac t i ce  sess ion  and by the  
i n tens i t y  o f  a  s ess ion .  Th is  gave a  s ub  t o ta l  sco re  wh ic h  was 
mu l t i p l i ed  by the num ber  o f  weeks  i n  a  month  (4.33) .  Th is  gav e a  
t o ta l  sco re  f or  mon th ly  pa r t i c i pa t i on.  For  each  sub jec t  the spor ts  
i n  wh ich  t hey  par t i c i pated  where  added  t oge ther .  Ter t i l es  were  
de te rm ined  f rom the  to ta l  sc o res  and  express ed  t he spor t i ng  and 
o ther  phys ic a l  ac t i v i t y  l eve l s  i n to  l ow (0 -500) ,  modera te  (501-
1000)  and  h igh  t er t i l es  (> 1001) .   
 
The assoc ia t i on  be tween  LBP and spor ts  pa r t i c i pa t i on  is  
rep res en ted  in  F igu re  4 .2  (Append ix  L ,  Tab le  4 .9 ) .  
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F igure  4 .2     Associa t ion  betw een spor ts  par t ic ipat ion  and LBP 
 
No  assoc ia t i on  was  f ound  between  LBP and  spor ts  pa r t i c i pat i on .  
Low s por ts  pa r t i c ipa t i on  was  repor ted  by  t he  ma jo r i t y  o f  
ado lescen ts  i n  the  s t udy  whe ther  they ex per ienc ed  LBP o r  no t .  
On ly  t hose ado lesc en t s  who  repor t ed  h igh  spor ts  pa r t i c i pat i on  
repor t ed  LBP .  The  resu l t s  a re  no t  s t a t i s t i ca l l y  s ign i f i c ant  (p=0.389  
f o r  l i f e t ime  preva lence ,  p=  0 .242  f or  one year  p reva lence  and  
p= 0.171  fo r  po in t  p reva lence) .   
 
The assoc ia t i on  be tween  LBP and phys i ca l  ac t i v i t y  pa r t i c i pa t i on  is  
p resen ted  in  F igure  4 .3  (Append ix  L ,  Tab le  4 .10) .  
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F igure  4 .3     Associa t ion  betw een phys ica l  ac t iv i ty  and  LBP 
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No assoc ia t i on  was  f ound  between  LBP and  phys ic a l  ac t iv i t y  
pa r t i c i pa t i on.  Low phys i ca l  ac t iv i t y  par t i c i pa t i on was  repor t ed  by 
t he majo r i t y  o f  ado les cents  i n  t he s tudy whe ther  they  exper ienced  
LBP o r  no t .  A  sma l l  pe rcen tage o f  sub jec t s  repor t ed  h igh  phys i ca l  
ac t iv i t y  pa r t i c i pa t ion  and  t hey repor ted  l i f e t im e o r  one  year  
p reva lence  o f  LBP.  The  resu l t s  a re  no t  s t at i s t i ca l l y  s ign i f i can t .  
(p= 0.640  fo r  l i f e t ime p reva lence ,  p= 0.530  fo r  one  year  p reva lence  
and  0 .510  f o r  po in t  p rev a lenc e) .   
 
4.2.5 The associat ion between LBP and sedentary 
 act ivi ty 
 
Seden tary ac t i v i t y  pa r t i c ipat i on was  ca lcu la ted  by mul t i p l y ing  the 
f requenc y o f  seden ta ry  ac t iv i t y  pe r  week ,  by the  dura t i on  o f  the 
sess ion.  Th is  gave  a  sub  to ta l  sc ore  wh ich  was  mu l t ip l i ed  by the  
number  o f  weeks i n  a  month  (4 .33) .  Th is  gave  a  t o ta l  sco re  fo r  
month l y  s eden ta ry ac t i v i t y  pa r t i c i pa t i on .  For  eac h  sub jec t  t he  
seden tary ac t iv i t ies  in  wh ich  they par t i c ipa ted where  added 
t oge ther .  Ter t i l es  were  de te rm ined  f r om the  t o ta l  sco res  and  
expres sed t he  seden ta ry ac t i v i t y  l eve l s  i n to  low (0 -300) ,  m oderate  
(301-600)  and  h igh  t e r t i l es  (>601) .   
 
The assoc ia t i on  be tween  LBP and seden ta ry ac t iv i t y  pa r t i c i pa t i on 
i s  presen ted F igu re  4 .4  (Append ix  L ,  Tab le  4 .12)  
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F igure  4 .4     Associa t ion  betw een sedentary act iv i ty  and  LBP 
 
No assoc ia t i on  was  f ound  between  LBP and  seden tary ac t i v i t y  
pa r t i c i pa t i on.  There  is  an i nc rease  in  l i f e t ime,  one year  
p reva lence  and po in t  preva lence as  s eden ta ry ac t i v i t y  
pa r t i c i pa t i on inc reases  f rom low to  moderate .  The num ber  o f  
l ea rners  w i th  a  h is t o ry o f  LBP par tak ing  i n  h igh l eve ls  o f  
seden tary ac t iv i t y  i s  l ow re la t i v e  t o  t hose in  the modera te  te r t i l es .   
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The number  o f  l ea rners  w i th  no h i s t o ry o f  LBP par tak ing  i n  l ow 
leve ls  o f  seden ta ry ac t i v i t y  i s  h igher  than  those par tak ing  i n  
moderate  l eve ls  o f  seden tary ac t i v i t i es .  No lea rners  w i t h  no  
h i s t o ry o f  LBP par tak e in  h igh  l eve ls  o f  sedenta ry  ac t i v i t y .  The 
resu l t s  f o r  seden tary ac t i v i t y  pa r t i c ipa t i on  and LBP are  no t  
s t a t i s t i ca l l y  s ign i f i c an t .  (p= 0 .145 f or  l i f e t ime p reva lence ,  p= 0 .308 
f o r  one  year  p reva lence  and  p=0.280  f o r  po in t  p rev a lenc e) .   
 
4.3 PHYSICAL ASSESSMENT 
 
4.3.1 The associat ion between LBP and lumbar-pelvic  
 instabi l i ty  
 
The resu l t s  o f  the  sub jec t ’s  pe rc ept ion  o f  pe r f o rm ing the  ASLR 
are  p resented  in  F igu re  4 .5  (Appendix  L ,  Tab le  4 .12 and  Tab le  
4 .13)  
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F igure  4 .5  Subjects  percept ion of  ASLR  
 
No assoc ia t i on  was  f ound  between  l i f e t ime p reva lenc e  o f  LBP and  
sub jec t s  percept ion  o f  the r i gh t  and  le f t  ASLR (p= 0 .275  and  p=  
0 .373  respec t i ve ly) .  Of  t he  par t i c i pan ts  who  repor ted no  LBP ,  a l l  
repor t ed  t he  ASLR as  e i the r  m in ima l l y  d i f f i cu l t  o r  not  d i f f i cu l t  a t  
a l l  t o  pe r fo rm .  On ly t hos e  ado lescen t s  w i t h  a  l i f e t ime p rev a lenc e  
o f  LBP  expressed a  degree o f  d i f f i cu l t y  i n  pe r f o rm ing t he ASLR.   
 
The resu l t s  o f  the  p ressure  change  recorded  a t  t he  PSIS  on  the 
s ide  o f  the ASLR are  p res ented  in  F igu re  4 .6  (Append ix  L ,  Tab le  
4 .14  and  Tab le  4 .15) .   
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F igure  4 .6  Pressure change a t  PSIS  on s ide  of  ASLR test  
 
No  assoc ia t i on  was  f ound  between  l i f e t ime p reva lenc e  o f  LBP and  
t he AS LR tes t  fo r  e i t her  t he r igh t  o r  t he l e f t  (p= 0.287  and  p= 
0 .719  respec t i ve ly) .  Of  t he  t o ta l  s tudy  popu la t i on  on ly  a  sma l l  
number  o f  sub jec ts  p resen ted w i t h  a  good  AS LR whether  t hey  
repor t ed  LBP  o r  no t .  The ma jo r i t y  o f  sub jec ts  p resen ted  w i th  a  
moderate  o r  poor  ASLR.   
 
The resu l t s  o f  the  p ressure  change  recorded  a t  t he  oppos i t e  f oot  
wh i l e  pe r f o rm ing  the  ASLR are  p resen ted  in  F igu re  4 .7  (Append ix  
L ,  Tab le  4 .16  and Tab le  4 .17) .       
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F igure  4 .7  Pressure change a t  the  opposi te  foo t  of  ASLR test  
 
No  assoc ia t i on  was  f ound  between  l i f e t ime p reva lenc e  and  the 
p ress ure c hange  a t  the  oppos i te  foo t  wh i l e  pe r f o rm ing  the ASLR 
fo r  e i t he r  t he  r i gh t  or  t he  l e f t  (p= 0 .478  and  p=  0 .245  respect i ve l y) .  
The ma jo r i t y  o f  sub jec ts  w i t h  a  l i f e t ime p rev a lence  o f  LBP 
p resen ted  w i t h  a  moderate  r i gh t  and  le f t  ASLR,  and  on ly  a  sma l l  
pe rcen tage  p resen ted  w i t h  a  good  ASLR as  recorded by  t he  
p ress ure c hange  a t  the  oppos i te  foo t .  The ma jo r i t y  o f  t hose 
ado lescen ts  w i t h  no  h is to ry  o f  LBP p resen ted  wi t h  a  moderate  
AS LR,  wi t h  no sub jec ts  presen t ing  wi t h  a  good AS LR on  e i t he r  t he 
r i gh t  o r  l e f t  as  recorded  a t  t he oppos i t e  f oo t .   
 
4.3.2 The effect of  a SIJ belt  on lumbar-pelvic                        
instabi l i ty 
 
The resu l t s  o f  the  sub jec t ’s  pe rc ept ion  o f  pe r fo rm ing the  ASLR 
wi th  and  w i t hout  a  S IJ  be l t  f o r  t hose  ado lescent s  w i th  a  l i f e  
p reva lence  o f  LBP a re  p resen ted in  F igu re  4 .8  (A ppend ix  L ,  Tab le  
4 .18  and  Tab le  4 .19) .  
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F igure  4 .8   Sub jects repor t ing  l i fe t ime prevalence  o f  LBP 
 percept ion  ASLR w ith  and w i thout  S IJ  bel t  
 
No assoc ia t i on  was  f ound  between  the sub jec t s  pe rcep t ion  o f  
AS LR wi th  and w i t hou t  t he S IJ  be l t  on  t he r i ght  or  t he l e f t  
(p= 0.251  and  p=  0 .444  res pec t i ve ly ) .  Onc e f i t t ed  w i th  a  S IJ  be l t  
t he  number  o f  ado les cents  who  repor ted  no d i f f i cu l t y  wi t h  
pe r f o rm ing t he A SLR tes t  i nc reas ed.  Once  f i t t ed  w i th  the  be l t  no  
ado lescen t  repor ted  t he t es t  be ing v e ry d i f f i cu l t  on  e i t her  t he r igh t  
o r  l e f t .   
 
The resu l t s  o f  the  p ressure  change  recorded  a t  t he  PSIS  on  the 
s ide  o f  the ASLR wi t h  and  w i thout  the  S I J  be l t  f o r  t hos e  
ado lescen ts  w i t h  a  l i f e  preva lence o f  LBP are  p resen ted  in  F igu re  
4 .9  (A ppend ix  L ,  Tab le  4 .20  and  Tab le  4 .21) .   
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F igure  4 .9   Sub jects repor t ing  l i fe t ime prevalence  o f  LBP  
 pressure  change a t  PSIS  on s ide  of  ASLR test  w i th  
 and  w i thout  S IJ  be l t  
 
No assoc ia t i on  was  f ound  between  the per f ormance o f  the  ASLR 
as  measured  a t  the  PSIS ,  w i t h  and  wi t hou t  the S IJ  be l t  f o r  e i the r  
t he r i gh t  o r  the l e f t  ( p=0.509  and p=  0 .694 respec t i ve l y) .  
Once f i t t ed  w i t h  a  S IJ  be l t  t he  number  o f  ado lescen ts  who  
p resen ted  w i t h  a  good  ASLR increased .   
 
The resu l t s  o f  the  p ressure  change  recorded  a t  t he  oppos i t e  f oot  
wh i l e  pe r f o rm ing  the  ASLR wi t h  and  w i thou t  t he S I J  be l t  f o r  t hos e 
ado lescen ts  w i t h  a  l i f e  preva lence o f  LBP are  p resen ted  in  F igu re  
4 .10  (Append ix  L ,  Tab le  4 .22 and  Tab le  4 .23) .   
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F igure  4 .10  Sub jects repor t ing  l i fe t ime prevalence  o f  LBP  
 pressure  change a t  opposi te  foo t  o f  ASLR test  w i th   
 and  w i thout  S IJ  be l t  
 
No assoc ia t i on  was  f ound  between  the per f ormance o f  the  ASLR 
as  measured  a t  the  oppos i te  foo t ,  w i th  and w i thout  t he  S IJ  be l t  f o r  
e i the r  t he r i gh t  o r  t he l e f t  (p=0.269  and  p= 0 .251  respec t ive l y) .  
Once f i t t ed  w i t h  a  S IJ  be l t  t he  number  o f  moderate  r igh t  ASLR 
tes t  dec reased,  wh i l e  the  num ber  o f  m oderate  le f t  AS LR tes ts  
i nc reased.  The  number  o f  good  tes ts  on t he r i gh t  rema ined  the 
same and t he number  o f  good  t es ts  on the l e f t  i nc reased  s l i gh t l y .   
 
The S IJ  be l t  had  a  g rea te r  impac t  on  the sub jec t ’ s  pe rcep t ion 
wh i l e  pe r f o rm ing  the  ASLR than  on  the  p ressure changes  
recorded  a t  t he PS IS and  t he oppos i t e  f oo t .   
 
4.3.3 The associat ion between LBP and muscle 
 endurance 
 
The mean va lues  f o r  t runk  f l exo r  musc le  enduranc e  a re  p resented  
in  F igu re  4 .11  (Append ix  L ,  Tab le  4 .24) .   
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F igure  4 .11  Mean va lues  for  t runk  f lexor  muscle  endurance  
 
There  was  an assoc ia t i on  between  LBP and inc reased  f l exo r  
musc le  endurance (p= 0.044) .  Those par t i c i pants  repor t i ng  LBP 
recorded  h igher  endurance  t im es f or  f l exo r  mus c le  endurance  
(m ean= 56.95  SD 39.86)  as  opposed  to  those  par t i c ipant s  who  
repor t ed  no LBP (mean =  40.36  SD 23 .18) .   
 
The mean va lues  f o r  t runk  ex tensor  endurance  a re  p resen ted in  
F igu re  4 .12 (Append ix  L ,  Tab le  4 .25)   
 
70
75
80
85
90
95
100
LBP No LBP
M
ea
n
 
Ex
te
n
si
o
n
 
En
du
ra
n
ce
 
(se
c)
 
Mean = 83.66
SD = 42.94
Mean = 96.57
SD = 39.57n=66
n=14
 
F igure  4 .12  Mean va lues  for  t runk  extensor  muscle  endurance  
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No assoc ia t i on  was  f ound  between  LBP and  ex tensor  t r unk  musc le  
endurance  (p=0 .304)  however  t hose  par t i c i pants  repor t i ng  LBP 
recorded  lower  endurance  t im e f o r  ex tensor  musc le  endurance  
(m ean =  83 .66 SD 42 .94)  as  oppos ed  to  t hos e  par t i c ipan ts  who  
repor t ed  no LBP (mean =  39.57  SD 39 .57) .   
 
The mean va lues  f o r  t runk  r i gh t  s ide  f lex or  endurance  a re  
p resen ted  in  F igure  4 .13 (Append ix  L ,  Tab le  4 .26) .  
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F igure  4 .13  Mean va lues  for  r ight  s ide t runk f lex ion muscle  
endurance  
 
No assoc ia t i on  was  f ound  between  LBP and  r i gh t  s ide  f lex o r  
musc le  endurance (p= 0.838) .  Those par t i c i pants  repor t i ng  LBP 
recorded  h igher  endurance  t im e  f o r  r i gh t  s ide f l exo r  musc le  
endurance  (mean  =  53.33 SD 38 .56)  as  opposed  t o  those  
par t i c i pan ts  who  repor ted  no  LBP (mean =  51.11  SD 25.44) .   
 
The mean va lues  f o r  t runk  l e f t  s ide f l exo r  enduranc e a re  
p resen ted  in  F igure  4 .14 (Append ix  L ,  Tab le  4 .27) .  
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F igure  4 .14  Mean va lues  for  le f t  s ide t runk f l ex ion muscle  
endurance  
 
No assoc ia t i on  was  f ound  between  LBP and  le f t  s ide f l exo r  musc le  
endurance  (p=0 .900) .Those par t i c ipan t s  repor t i ng  LBP recorded  
lower  enduranc e t ime f o r  le f t  s ide  f lexo r  mus c le  endurance  (mean 
=  53 .13 SD 37 .20)  as  oppos ed t o  those  par t i c i pan ts  who  repor ted  
no  LBP (mean  =  54.56  S D 45 .14) .   
 
The ra t i o  o f  t runk  musc le  ex tens or  endurance  to  f lex ion and  t o  
r i gh t  and  le f t  s ided  f l exo r  musc le  endurance  is  p res en ted  in  Tab le  
4 .4 .  
 
Table  4 .4  Rat io  o f  f lex ion to extens ion trunk  muscle  
  endurance  
              L B P              No  L B P     R a t i o   
    M e a n       S D      M e a n        S D  
F l e x :  E x t       0 . 8 2 2     0 . 7 3 0      0 . 5 1 0     0 . 3 4 8  
 
Ado lescen ts  w i th  a  h i s t o ry o f  LBP presen ted w i th  a  mod i f i ed  f l exo r  
t o  ex tensor  ra t i o ,  bu t  i t  must  be  remembered those  w i th  a  h i s t o ry 
o f  LBP  presen ted w i t h  i nc reas ed  t runk  f l exor  musc le  endurance  
and  dec reased t runk  ex tensor  endurance .   
 
4.3.4 The associat ion between lumbar-pelvic   
           instabi l i ty and muscle endurance 
 
The par t i c i pan ts  lowes t  score  f o r  the  l e f t  and  r i gh t  ASLR tes t  
measured  a t  t he le f t  and  r i gh t  PS IS respec t i ve l y  was  recorded   
and  us ed  as  tha t  s ub jec t s  average ASLR s core .  The endurance  
t es t  resu l t s  were  then  assoc ia ted w i t h  t ha t  sco re .    
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The resu l t s  o f  the  mean  m usc le  endurance  and  t he  average  ASLR 
are  p resented  in  F igu re  4 .14  (Append ix  L ,  Tab le  4 .28) .  
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F igure  4 .15  Mean muscle  endurance  and ASLR 
 
Thos e  sub jec t s  w i th  a  good  ASLR had  be t t e r  endurance  scores  f o r  
a l l  f ou r  endurance  t es ts .  Thos e w i th  modera te  AS LR resu l t s  had 
be t t e r  f l exo r  and  enduranc e resu l t s  than t hose  sub jec ts  w i t h  poor  
AS LR resu l t s .  Lef t  and r i gh t  s ide f lex or  endurance resu l t s  were  
f a i r l y  s im i la r  f o r  those  sub jec ts  wi th  a  moderate  and poor  AS LR.   
 
There  was  an assoc ia t i on  between  t he  ASLR tes t  and  t runk  
ex tensor  musc le  enduranc e  (p= 0 .031) .Those ado lescen t s  w i t h  
be t t e r  pe r fo rmance  o f  the  ASLR tes t  m eas ur ing t he i n t eg r i t y  o f  t he  
deep  s tab i l i s i ng  mus c les ,  had  bet ter  endurance  o f  the  t r unk  
ex tensor  musc les .   
 
Conf idence l im i t s  f o r  ex tens ion enduranc e  and  av eraged  AS LR 
are  as  f o l l ows :  t hose  sub jec t s  p resen t ing  w i th  a  poor  ASLR,  
conf idenc e l im i t s  a re  68 .03 –  91.41 ,  and f or  those sub jec ts  
p resen t ing w i t h a  moderate  ASLR the  conf idence l im i ts  a re  74 .40 
–  100 .  Conf idence  l im i t s  canno t  be es tab l ished  f o r  sub jec ts  w i th  a  
good  ASLR as  there  were  on ly  t h ree  s ub jec ts .   
 
The resu l t s  o f  the  f l exo r  musc le  endurance  tes t  and t he averaged  
AS LR are  p resen ted  in  a  scat te r  p lo t  i n  F igu re  4 .16  
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F igure  4 .16  F lexor  muscle  endurance  and AS LR 
 
The h ighest  f l ex o r  m usc le  endurance t imes were  recorded  by 
t hos e sub jec ts  w i th  a  moderate  and good ASLR resu l t .   
 
The resu l t s  o f  the  ex tens or  m usc le  endurance  tes t  and  t he 
averaged  ASLR are  p resented  in  a  sca t t e r  p lo t  i n  F igu re  4 .17  
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F igure  4 .17  Extensor  muscle  endurance and ASLR  
 
The h ighest  ex tensor  musc le  enduranc e  t imes were  rec orded  by 
t hos e sub jec ts  w i th  a  moderate  and good ASLR resu l t .   
 
The resu l t s  o f  the  r i gh t  s ide f l exo r  musc le  endurance t es t  and the 
averaged  ASLR are  p resented  in  a  sca t t e r  p lo t  i n  F igu re  4 .25.  
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F igure  4 .18  Right  s ide f l exor  muscle  endurance and  ASLR 
 
The h ighest  r i gh t  s ide  f l exo r  mus c le  endurance  t imes  were  
recorded  by those sub jec ts  w i t h  a  modera te  and  good ASLR 
resu l t .  
 
The resu l t s  o f  the  r i gh t  s ide f l exo r  musc le  endurance t es t  and the 
averaged  ASLR are  p resented  in  a  sca t t e r  p lo t  i n  F igu re  4 .26  
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F igure  4 .19  Lef t  s ide f l exor  muscle  endurance and ASLR  
 
The h ighest  r i gh t  s ide  f l exo r  mus c le  endurance  t imes  were  
recorded  by those sub jec ts  w i t h  a  good  AS LR resu l t .  
 
4.5 Conclusion 
 
The resu l t s  o f  the  un iv a r ia te  ana lyses  a re  p res ented  in  chapter  4 .   
The p reva lence  o f  ado lescen t  LBP wi th in  the  s tudy  was  h igh f or  
bo th  l i f e t ime and  one-year  p reva lence .  The l i f e t ime preva lence  
was  h igher  i n  ma les  but  t he  one-year  and  po in t  preva lenc e  was   
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h igher  i n  f em ales .  An  assoc ia t i on  was  found  between  po in t  
p reva lence  o f  ado les cent  LBP and  a  f ami l y  h i s t o ry o f  LBP,  and  a  
marg ina l l y  s ign i f i canc e resu l t  was  f ound  be tween  one-year  
p reva lence  o f  ado les cent  LBP and  a  f ami l y  h i s t o ry.  There  was  an  
inc reas ing t r end  in  l i f e t ime,  one-year  p rev a lenc e  and po in t  
p reva lence  o f  LBP in  t hose ado lescen t s  repor t i ng  a  l ow lev e l  o f  
spor ts  and phys ic a l  ac t iv i t y  pa r t i c i pa t i on .  The resu l ts  were  no t  
s t a t i s t i ca l l y  s ign i f i can t .  Those ado lescen ts  repor t i ng  l i f e t ime,  one-
year  and  po in t  p reva lence  repor t ed a  moderate  l eve l  o f  s eden ta ry 
ac t iv i t y ,  the  resu l t s  however  were  no t  s t a t i s t i ca l l y  s ign i f i can t .   
 
No  assoc ia t i on  was  f ound  between  ado lescen t  LBP and  lumbar -
pe lv i c  i ns tab i l i t y .  A  g rea t  pe rcentage  o f  ado lescen ts  w i t h  and  
w i thou t  LBP p resen ted  w i t h  dec reased  lumbar -pelv ic  s tab i l i t y .   
 
Thos e  ado lescents  wi t h  LBP p resen ted  wi t h  i nc reased  t runk  f l exo r  
musc le  endurance and  t hes e f i nd ings  were  s ta t is t i ca l l y  s ign i f i can t  
(p= 0.044) .  Those  ado les cen ts  w i th  LBP p resen ted w i t h  dec reased  
t runk  ex tensor  mus c le  endurance ,  however  the resu l t s  were  not  
s t a t i s t i ca l l y  s ign i f i c an t  (p=0.031) .  S ide  f l exo r  musc le  endurance  
was  s im i la r  i n  ado lescent s  w i t h  and  w i thou t  LBP.  
 
Thos e  ado lescents  w i t h  good  lumbar -pe lv ic  s t ab i l i t y  had g rea ter  
t runk  musc le  enduranc e  t imes as  opposed  to  those  ado les cen ts  
w i th  poor  lum bar -pe lv i c  s tab i l i t y .  A  s ign i f i c ant  as soc ia t ion  was 
f ound  be tween  t runk  ex tensor  musc le  enduranc e  and lum bar -
pe lv i c  i ns tab i l i t y .   
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CHAPTER 5 – DISCUSSION 
 
5.1 INTRODUCTION 
 
The ma in  f i nd ings  of  the  research w i l l  be  d is cussed in  t h is  
chap te r .  The  d iscuss ion w i l l  cov er  the  p rev a lenc e o f  ado lescen t  
LBP and t he assoc ia t i on  between  LBP  and t runk  musc le  
endurance  and  lumbar -pe lv ic  i ns tab i l i t y .  The  a im of  t he s t udy was  
t o  es tab l i sh  i f  an  assoc ia ted ex is ts  be tween  dec reased  t runk  
musc le  endurance and  lumbar-pe lv ic  i ns tab i l i t y  and  ado lescen t  
LBP,  as  we l l  as  t o  i nves t i ga te  t he  assoc ia t i on  be tween t runk  
musc le  endurance and  lumbar-pe lv ic  i ns tab i l i t y .   
 
5.2 PREVALENCE OF LBP 
 
The resu l t s  o f  th is  s t udy ind i cate  a  h igh  l i f e t ime  and one-year  
p reva lence  o f  LBP.  The  resu l t s  a re  h igher  t han t hose  rec orded in  
o ther  s t ud ies  in  wh ich  t he  preva lenc e  o f  ado lescent  LBP was 
inves t i ga ted.  I n  t hese  s tud ies  l i f e t ime p rev a lenc e has  been  
recorded  be tween  26% to  69.30% (Jo rdaan ,  2005 ;  Kovac s  e t  a l ,  
2003 ;  Ba lague  e t  a l ,  1994 ;  Ba lagué e t  a l ,  1993 ;  Fa i rbank  e t  a l ,  
1984) ,  and  one-year  p rev a lenc e  has  been  recorded  be tween  50% 
and  57% (Jo rdaan,  2005;  S jo l i e ,  2004) .  Po in t  p rev a lence  o f  
ado lescen t  LBP in  th i s  s t udy  i s  s im i la r  t o  t hat  repor ted  i n  o ther  
s t ud ies  wh ich have  docum ented po in t  p rev a lenc e be tween  13% 
and  23 .90% (Mas ie ro  e t  a l ,  2008 ;  W ats on e t  a l ,  2002;  Lebouef -
Yde  and  Kyv ik ,  1998 ;  Ba lagué  e t  a l ,  1993) .  I t  i s  poss ib le  t hat  
more ado lescen ts  w i t h  LBP wan ted  t o  pa r t i c i pate  i n  the  s t udy as  
opposed  t o  t he i r  pa in f ree  peers  account ing f o r  the  h igh  l i f e t ime 
and  one-year  p rev a lence.   
 
The resu l t s  o f  th is  s t udy ind i cate  a  h igher  p rev a lence t han has  
been  repor ted  in  o ther  s t ud ies  however  compar is on o f  res u l t s  
f rom s tud ies  is  d i f f i cu l t  due  t o  d i f fe ren t  r esearch methods ,  
d i f f e ren t  da ta  co l lec t i on  p roces ses ,  d i f fe rent  age  g roups ,  d i f f e rent  
coun t r i es ,  and  d i f fe rent  def i n i t i ons  o f  LBP.   
 
The resu l t s  o f  th is  s t udy and  o ther  s t ud ies  revea l  t hat  ado lesc ent  
LBP is  a  c ommon c omp la in t .  The concern is  that  a  c lea r  l ink  has  
been  s hown to  ex is t  be tween  ado lescen t  and  adu l t  LBP wi t h  
ado lescen t  LBP a s ign i f i can t  r i sk  f ac to r  fo r  adu l t  LBP (Andersen 
e t  a l ,  2006 ;  Hestbaek  e t  a l ,  2006 ;  Bur ton ,  2005 ;  L imon e t  a l ,  
2004 ;  Fe ldman et  a l ,  2001 ;  Ba lague e t  a l ,  1999 ;  Har reby,  1995) .   
 
I n te rv en t ion  p rogrammes  may p rove t o  be  e f fec t ive  i n  p revent ing  
t he pa in  exper ienc ed  becoming  inc reas ing ly  r ecur ren t  o r  ch ron ic  
i n  na tu re .  A  def in i t e  need ex is ts  t o  t r y  t o  unders tand the  na tu re  o f  
back  pa in  i n  schoo lch i l d ren and  to  imp lement  i n ter ven t ion  
p rogramm es .   
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5.3 LUMBAR-PELVIC INSTABILITY 
 
The resu l t s  o f  the  cu r rent  s tudy i nd i ca te  tha t  l umbar -pe lv i c  
i ns tab i l i t y  i s  not  as soc ia ted w i th  ado les cent  LBP.  The  m ajo r i t y  o f  
ado lescen ts  w i t h in  t he s t udy whether  they p resen ted w i th  LBP o r  
no t  demonst ra ted  poor  l um bar -pe lv ic  s tab i l i t y  when  assess ed  w i th  
t he AS LR tes t .  These  resu l ts  a re  s im i la r  to  t hos e  repor t ed  by  
Jo rdaan  (2005) .   
 
A  s t rong  ass oc ia t ion  has  been repor ted  between  adu l t  LBP and  
lumbar-pe lv ic  i ns tab i l i t y  (O ’Su l l i van  e t  a l ,  2002) .  The resu l ts  o f  
t he  cu r ren t  s tudy  i nd i ca te  t ha t  a  s im i la r  ass oc ia t i on  be tween  
ado lescen t  LBP and  lumbar -pe lv i c  ins tab i l i t y  does  not  ex is t .  The 
AS LR tes t  i s  a  measure  o f  l umbar -pe lv ic  s tab i l i t y  and  measures  
t he i n teg r i t y  o f  the  deep  s tab i l i s i ng musc les  i nc lud ing  t rans versus  
abdom in is  and mul t i f i d i ,  a  poor  resu l t  i nd ica tes  dec reased  
s tab i l i s a t i on  due  to  weakness o f  t he  l oca l  s tab i l i t y  mus c les  wh ich 
con t ro l  i n t e rsegmenta l  mot ion.  Th is  may resu l t  i n  i nc reased  o r  
uncon t ro l led  segmenta l  mot ion  and  poor  dynam ic  s tab i l i t y .  Th i s  
does  not  appear  to  be  the  mechan ism of  dys f unc t i on  i n  t he 
ado lescen t  sp ine .  The res u l t s  o f  th is  f i nd ing may ind ic a te  that  
o t he r  con t ro l  sys tems  a re  a t  p lay  i n  ach iev ing s t ab i l i t y  o f  t he  
ado lescen t  sp ine .  The t h ree s ubs ys tems ident i f i ed  a re  t he ac t ive ,  
pass iv e and  neura l  cont ro l  subsys tems .  I t  cou ld  be poss ib le  t ha t  
t he pass iv e res t ra in t s  p lay  a  more im por tan t  ro le  than  the ac t iv e  
res t ra in ts  i n  main ta in ing s tab i l i t y  o f  t he  ado lesc en t  sp ine.  Th is  
requ i res  f ur the r  i nves t i ga t i on .   
 
A l t hough  a  h igh  percen tage  o f  ado les cen ts  w i t h  and w i t hou t  LBP 
had  poor  o r  modera te  ASLR resu l t s .  The  moto r  cont ro l  pa t t e rn  in  
t hos e sub jec ts  w i th  and w i thout  LBP appears  d i f f e ren t  and 
requ i res  f ur the r  i nves t i ga t i on .  Ado lescen ts  w i th  no h is t o ry o f  LBP 
appear  t o  ex er t  more  p ress ure  t hough  the oppos i te  l eg  when  
per f o rm ing t he A SLR.  Three s l i ngs  have  been  ident i f ied  i n  
p roduc ing  fo rce c losure  a round  t he S IJ .  I t  wou ld  be in te res t i ng to  
i nves t i ga te  and  compare t he musc le  ac t i v i t y  i n  the three  s l i ngs  in  
ado lescen ts  w i t h  and  w i t hou t  LBP.   
 
Once f i t t ed  w i t h  a  S IJ  be l t  t he  s ub jec t ’s  pe rcep t ion  o f  pe r f o rm ing  
t he AS LR improved .  I n  a  s t udy by  Mens  e t  a l .  (1999)  the  ab i l i t y  to  
pe r f o rm the ASLR was  improved  in  20 ou t  o f  21  pat ien ts  when   
f i t t ed  w i t h a  S IJ  be l t .   I n  t he c ur rent  s t udy the  num ber  o f  good  
t es t  resu l t s  inc reased  once sub jec ts  were  f i t t ed  w i t h  the  S I J  be l t ,  
a l though  th i s  was no t  a  s t a t i s t i ca l l y  s ign i f i can t  f i nd ing .  Lumbar -
pe lv i c  i ns tab i l i t y  does  no t  appear  to  be  a  m echan ism of  pa in  
genera t i on  o r  dys func t i on  in  the  ado les cent  sp ine ,  t here fo re  f i t t ing  
t hem wi t h  a  be l t  a im ed a t  improv ing l umbar -pe lv ic  s t ab i l i t y  may be  
o f  no benef i t .                                   
               
The ado lescen t  sp ine  is  i n  vary ing  s t ages  o f  g rowth w i t h  a  rap id l y  
g rowing  m uscu loske le ta l  sys tem.  Dur ing  t he  g rowth spur t  i t  i s  l ess   
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ab le  t o  w i t hs tand s t resses  app l i ed  to  i t  (Gr immer  and  W i l l i ams ,  
2000) .  Var ious  f o rces  ac t  on the  body dur ing  growth  and  thes e 
f o rces  can  a f f ec t  the  muscu losk e le ta l  s ys tem (LeVeau  and  
Bernhard t ,  1984) .  The na tura l  g rowth  p roc ess  cou ld  be  a  fac to r  
con t r i bu t i ng to  s tab i l i t y  or  i ns tab i l i t y  o f  t he  ado lescen t  sp ine .   
                         
5.4 TRUNK MUSCLE ENDURANCE 
                                                                                       
The mean va lue f o r  t runk  f lex or  m usc le  endurance  in  s ub jec ts  w i th  
LBP was inc reased  as  opposed  to  pa in f ree  ind i v idua ls .  Th is  was  a  
s t a t is t i ca l l y  s ign i f i c an t  f i nd ing  (p= 0.04) .  These  resu l t s  a re  s im i la r  
t o  t hose repor ted  by  Per ry e t  a l .  (2009)  and  Bernard  e t  a l .  (2008) .  
Per r y e t  a l .  (2009)  s ugges t  tha t  t he poss ib le  mechan ism for  t h i s  is  
due  t o  t he s ign i f i can t  f l ex ion  o r  compres s ive  load ing  fo rc es  t he 
t runk  f l exo r  musc les  c an  exer t  on  the  l umbar  sp ine.  The  resu l t s  o f  
t h is  s tudy a re  c ont ra ry  t o  t hose repor ted  by Sa lm inen  e t  a l .  (1992)  
i n  wh ich  dec reased  f l exo r  musc le  endurance  was  assoc ia ted w i th  
LBP.  I t  c anno t  be de te rm ined  f r om th i s  s t udy  i f  t he  c hanges  seen 
in  t runk  musc le f lexo r  endurance are  the  cause  o r  e f fec t  o f  LBP.  I t  
cou ld  be that  the f l exo r  musc le  endurance  is  i nc reased  due  t o  
compensa to ry mechan isms  o f  t he g loba l  musc les  i n  an  e f f o r t  t o  
improv e sp ina l  s tab i l i t y  o r  i t  cou ld  be t he cause o f  LBP as  
sugges ted by Perr y e t  a l .  ( 2009) .   
 
T runk  ex tensor  mus c le  endurance  was  dec reas ed in  those 
ado lescen ts  w i t h  a  h i s to r y o f  LBP.  Thes e  res u l t s  a re  s im i la r  to  
o ther  s t ud ies  in  wh ich  dec reased  t runk  ex tens or  m usc le  
endurance  was  rec orded  in  ado lescent s  w i th  LBP (Bernard e t  a l ,  
2008 ;  Andersen e t  a l ,  2006;  S jo l ie  and  L junggren ,  2001 ;  Sa lm inen  
e t  a l ,  1995) .  I t  canno t  be de te rm ined  f rom the s tudy whe ther  weak  
t runk  ex tensor  mus c les  a re  t he  cause  o r  e f f ec t  o f  LBP and  
requ i res  f ur the r  i nves t i ga t i on .   
 
The endurance  t imes  recorded  fo r  t runk  s ide  f l exor  musc le  
endurance  were  s im i la r  i n  those  ado lesc ents  w i th  and  w i t hou t  a  
h i s t o ry o f  LBP.  No  s tud ies  have been  f ound  inves t iga t i ng  s ide 
f l ex o r  t runk  musc le  endurance  in  ado lescents .   
 
S tud ies  s how bo th  def ic i t s  and exces ses o f  back  musc le  
per f o rmance a re  re la ted  t o  LBP (Per ry  e t  a l ,  2009) .  W hether  t he 
weaken ing  i s  the resu l t  o r  t he  cause  o f  LBP needs to  be   
i nves t i ga ted p rospec t ive l y  (Andersen  e t  a l ,  2006) .  In  a  t h ree year  
f o l l ow up  s tudy by  S a lm inen  e t  a l .  (2005)  i t  was  found  t hat  t he 
measure o f  mus c le  s t reng th  and  a t rophy o f  the  parasp ina l  
musc les  d id  not  appear  t o  be  pred ic to rs  o f  t he appearance  o f  
LBP.  LBP canno t  be  a t t r i bu ted  t o  mus c le  weakness  in  a  s im pl i s t i c  
way (Ba lagué  e t  a l .  1999) .  
 
The ra t i o  o f  f l exo r  to  ex tens or  endurance  was  d i f fe ren t  i n  t hos e 
sub jec t s  w i t h  and  w i thou t  LBP.  Ado lescen ts  w i t h  a  h is to r y of  LBP 
had  a  ra t i o o f  0 . 822  wh i l e  pa in f ree  ado lescen ts  had a  ra t i o  o f   
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0 .510 .  The ra t i o  o f  t runk  f l exo rs  to  ex tens ors  may be  as  o r  more  
impor tant  than  t r unk  mus c le  endurance  o r  abs o lu te  musc le  
s t rength .  In  a  s t udy by  B ernard e t  a l .  ( 2008)  a  mod i f i ed  ra t i o  o f  
t runk  f l exo rs  t o  ex tensors  was  noted .  Mus c le  ba lance  is  necess ary 
t o  con t r i bu te  to  no rma l  b iom echan ics  dur ing  g rowth (B ernard  e t  
a l ,  2008) .  The resu l t s  o f  the  s t udy i nd i ca te  t he need  to  addres s  
t runk  musc le  enduranc e in  ado lescent s  p resent ing  wi th  LBP.       
The d i f f e rences in  m usc le  endurance observed may be  t he                        
consequence  o f  pa in  ra ther  t han  t he  c aus e o f  pa in  and  requ i res  
f u r the r  i nves t i gat ion .  The  resu l t s  o f  th i s  s t udy ind i ca te  t hat  i n  
ado lescen ts  w i t h  LBP the  rehab i l i t a t i on  programme needs  t o  
address  t runk  musc le  enduranc e and  ensure a  ba lance  ex i s t s  
be tween  the  t runk  musc le  f l exo rs  and  ex tensors .  The t runk  s ide 
f l ex o r  m usc les  do  no t  appear  to  p lay  a  ro le  i n  ado lescen t  LBP.    
Fu r the r  research  in  the f orm  of  a  p rospec t i ve  s tudy i s  needed  to  
f u r the r  i nves t i gate  th is  f ind ing .   
 
5.5 LUMBAR-PELVIC INSTABILITY AND TRUNK MUSCLE  
 ENDURANCE 
 
No  p rev ious  s tud ies ,  i n  adu l t s  o r  ado lesc en ts ,  have  been  f ound  t o  
compare t he resu l t s  o f  th is  s t udy in  wh ich  l umbar -pe lv i c  ins tab i l i t y  
and  t runk  musc le  endurance  have  been  inves t i gated .  
 
By  i nves t i ga t i ng  lumbar -pe lv ic  s t abi l i t y  the  in t eg r i t y  o f  the  loc a l  
s t ab i l i s i ng musc les  is  ass es sed,  wh i l e  i nves t i gat i ng  t runk  musc le  
endurance  the in teg r i t y  o f  t he  g loba l  musc les  i s  assessed .   
 
One migh t  expect  that  i f  t he re  i s  a  dys f unc t i on  i n  one  m uscu la r  
sys tem ano ther  mus cu lar  s ys tem m ight  compensa te  to  ach ieve  
sp ina l  s tab i l i t y .  I f  a  sub jec t  p resented  w i t h  poor  l umbar -pe lv ic  
s t ab i l i t y  o r  dec reased  loc a l  s t ab i l i t y  musc le  f unc t i on ,  t hey  wou ld  
have  inc reased  s t r eng th  o r  endurance  o f  the g loba l  musc les  i n  an 
e f f o r t  to  inc rease s p ina l  s t ab i l i t y  and v isa  ve rs a .  The resu l t s  o f  
t h is  s tudy do  no t  re f l ec t  t h i s .  
 
The resu l t s  o f  th is  s t udy ind i cate  tha t  t hos e ado lescen t s  wi t h  a  
good  ASLR had  be t te r  mus c le  endurance  fo r  a l l  t he  t runk  musc les  
and  t hose ado lesc ent s  w i th  poor  ASLR had  dec reased  m usc le  
endurance  wi t h  l ower  mean scores .  Th is  was on ly  s t a t i s t i ca l l y  
s ign i f i c ant  fo r  ex tensor  musc le  enduranc e .   
 
The dys func t i on o f  t he muscu la r  s ys tem in  ado lescen t  LBP 
appears  to  be w i th  musc le  endurance  as  opposed to  the  l oca l  
musc le  s t ab i l i se rs .   
 
5.6 FAMILY HISTORY 
 
The resu l t s  o f  th is  s t udy show a  s ta t i s t i ca l l y  s ign i f i can t  
assoc ia t i on  (p=0.012)  be tween a  fam i l y  h i s t or y o f  LBP and po in t   
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preva lence  o f  ado les cent  LBP.  A  one  year  h i s to ry  o f  ado lescen t  
LBP was marg ina l l y  s ign i f i can t  (p= 0.086)  i n  r egard t o  a  fam i l y  
h i s t o ry o f  LBP.  The  resu l ts  i nd i ca te  no  ass oc ia t i on  between  
l i f e t ime p reva lence  o f  ado lesc en t  LBP and a  f am i l y  h i s tor y o f  LBP 
(p= 0.386) .  P rev ious  s t ud ies  have  shown an  assoc ia t ion  be tween  
ado lescen t  LBP and  a  fam i ly  h i s t o ry  (Mas iero  e t  a l ,  2008 ;  Ba lagué  
a l ,  1999 ;  Ba lague e t  a l ,  1994) ,  wh i l e  o ther  s tud ies  repor t  no                      
assoc ia t i on  ex is ts  (K ovacs  e t  a l ,  2003 ;  Har reby e t  a l ,  1995) .   
 
The f ami l y  may p lay  an  im por tan t  ro le  i n  t e rms  o f  t he i r  pe rc ep t ion 
o f  t he  prob lem,  and  in  t e rms o f  t he i r  a t t i t ude and  perc ep t ion o f  
pa in  (Mas ie ro  e t  a l ,  2008) .  I t  i s  s t i l l  t o  be de te rm ined  i f  t he  
f i nd ing o f  a  l i nk  be tween  a  f ami l y  h i s t ory  and  ado lescen t  LBP is  
due  t o  gene t ics  o r  a  psyc hos oc ia l  env i ronmenta l  f ac to r  (Ba lagué  
e t  a l ,  1994) .   
 
5.7 SPORTS PARTICIPATION 
 
The resu l t s  o f  th is  s t udy ind i cate  tha t  t he  majo r i t y  o f  the  
ado lescen ts  i n  the  s t udy ,  whe ther  they  repor t ed  LBP o r  no t ,  f e l l  
i n to  t he l ow t e r t i les  o f  s por ts  pa r t i c i pa t i on .  Only t hose  
ado lescen ts  who  repor ted  h igh spor t s  pa r t i c i pat i on repor ted  
l i f e t ime,  one  year  o r  po in t  p reva lence  o f  LBP.  No  assoc ia t i on  was  
f ound  be tween  spor ts  pa r t i c i pa t i on and  LBP in  t h is  s tudy  w i t h  no   
s t a t i s t i ca l l y  s ign i f i c an t  resu l ts .  P rev ious  s t ud ies  have  repor t ed 
h igh  s por ts  pa r t i c ipa t i on  es pec ia l l y  i n  compet i t i ve  spor t s  t o  be 
assoc ia ted w i t h  LBP (Jo rdaan ,  2005 ;  Fe ldman et  a l ,  2001;  Kovacs  
e t  a l ,  2000 ;  Ba lagué  e t  a l ,  1999) .  Korovess i s  e t  a l .  (2004)  repor t  
t ha t  spor ts  ex posure  i ncreas ed  LBP in  g i r l s ,  wh i l e  Bur ton  e t  a l ,  
(1996)  repor t ed a  pos i t i ve  co r re la t ion  be tween  spor ts  ex pos ure 
and  back  pa in  on ly  i n  boys .  I t  i s  i n te res t i ng t o  note  tha t  25.4% of  
pa r t i c i pan ts  repor t ed  t he  mode o f  onse t  o f  LBP as  due  t o  a  spor t s  
i n ju ry,  ye t  the  majo r i t y  o f  i nd i v idua ls  fe l l  w i t h in  t he  l ow te r t i l es  o f  
spor ts  pa r t i c i pat i on .   O ther  s tud ies  hav e  repor t ed  LBP to  be  more  
common in  those ado les cen ts  who  avo ided  spor ts  (Mas ie ro  e t  a l ,  
2008 ;  Fa i rbank  e t  a l ,  1984) ,  and par t i c i pa t i ng i n  phys i ca l  ac t iv i t y  
l ess  t han  th ree t imes  a  week  (S jo l ie ,  2004) .   
 
The conf l i c t i ng  resu l t s  s een  in  s tud ies  cou ld  be due  to  the 
d i f f i cu l t y  ex per ienc ed  in  c ompar ing  resu l ts  as  spor t s  pa r t i c i pa t i on 
has  been  dete rm ined in  d i f fe ren t  ways .  Some au thors  have looked  
a t  t he  f requency per  week ,  o the rs  the  i n tens i t y ,  and  o thers  t he  
du ra t i on  o f  spor t s  pa r t i c ipat i on.  The  va lue o f  t he  c a tegor ies  i n to  
wh ich  ado lesc ents  fe l l  i s  a l s o  d i f fe ren t  w i t h  authors  no t  g iv ing the 
ac tua l  va lues  o f  the  categor ies .  In  t h i s  s t udy spor ts  pa r t i c i pa t i on 
has  been  d iv ided  in t o  l ow,  moderate  and  h igh bu t  the  ac tua l  
va lues  o f  thes e t er t i l es  may be  d i f fe ren t  f rom other  s tud ies .     
 
I t  canno t  be  dete rm ined f rom th is  s tudy i f  l ow leve ls  o f  spor t s  
pa r t i c i pa t i on are  the  cause o r  e f f ec t  o f  LBP.  I t  cou ld  be  s ugges ted  
t hat  the  low spor ts  par t i c i pa t i on  seen  in  t h is  s tudy cou ld  be  the   
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ef f ec t  o f  LBP.  I t  wou ld  be  i n t e res t i ng  t o  de term ine  t he  s ub jec t ’s  
pe rcep t ion o f  t h i s  i ssue  and i f  t he i r  spor t s  pa r t i c i pa t ion has  
changed  s inc e  t hey dev e loped  LBP.  Low lev e ls  o f  s por ts  
pa r t i c i pa t i on cou ld  a l so  be  t he  cause  o f  LBP,  as  i t  has  been  
sugges ted t hat  tha t  t hose ado lesc ent s  who  a re  more ac t iv e  may  
be  p ro tec ted f rom mechan ica l  LBP (Fe ldman et  a l ,  2001 ;  Gr immer               
and  W ats on,  2000) ,  by im prov ing  musc le  s t reng th  and  f l ex ib i l i t y  
(Mas ie ro  e t  a l ,  2008) .  Th is  requ i res  f ur t he r  inv es t i ga t i on.   
 
I t  was beyond  the scope  o f  th is  research  repor t  to  i nves t iga te  t he  
assoc ia t i on  be tween t runk  m usc le  enduranc e,  l um bar-pe lv ic  
i ns tab i l i t y  and  spor t s  pa r t i c i pa t i on bu t  i t  wou ld  be  i n te res t i ng to  
see  i f  t hose  ado lescen ts  w i t h  l ow lev e ls  o f  s por ts  pa r t i c i pa t i on  
a l so  p resen ted w i th  a l te red musc le  func t i on .   
 
5.8 PHYSICAL ACTIVITY PARTICIPATION 
 
The ma jo r i t y  o f  ado les cen ts  w i th in  the  s t udy ,  whe ther  they  
p resen ted  w i t h  LBP o r  not ,  r epor ted l ow leve ls  o f  phys i ca l  ac t i v i t y  
pa r t i c i pa t i on.  A  sma l l  pe rcen tage o f  pa r t ic i pant s  repor t ed h igh 
phys i c a l  ac t i v i t y  pa r t i c i pa t i on  and  they  p res en ted  w i th  l i f e t ime and  
one  year  p rev a lenc e o f  LBP.  No  assoc ia t i on  was  f ound  be tween  
spor ts  pa r t i c i pat i on  and  LBP in  t h is  s tudy w i th  no s ta t i s t i ca l l y  
s ign i f i c ant  resu l t s .  Conf l i c t i ng  f i nd ings  have been  repor t ed  i n  
p rev ious  s t ud ies ,  w i th  some s tud ies  repor t i ng  ado lescen t  LBP  
assoc ia ted w i t h  h igh  phys i ca l  ac t iv i t y  pa r t i c i pa t i on  (Jordaan ,  
2005 ;  Ba lague  e t  a l ,  1999 ;  Ta im e la  e t  a l ,  1997 ;  Ba lague  e t  a l ,  
1994) ,  wh i l e  Sa lm inen  e t  a l .  (1995)  repor ted  ado les cen t  LBP 
p reva lence  to  i ncrease  w i th  a  l ow f requenc y o f  phys i ca l  ac t iv i t y .   
 
I t  canno t  be  dete rm ined f rom th is  s tudy i f  l ow leve ls  o f  phys i ca l  
ac t iv i t y  pa r t i c i pa t ion  a re  the  c ause o r  e f fec t  o f  LBP.  Low leve ls  o f  
phys i c a l  ac t i v i t y  pa r t i c i pa t i on  cou ld  be  the cause o r  the  e f fec t  o f  
ado lescen t  LBP.  I t  has  been s ugges ted that  non  s t renuous  
phys i c a l  ac t i v i t y  i s  impor t ant  to  p reserv e and  bu i l d  t runk  mus c le  
s t rength  and endurance  (L imon e t  a l ,  2004) .  Th is  needs  f u r t her  
i nves t i ga t i on .    
 
The conf l i c t i ng  resu l t s  be tween s tud ies  c ou ld  be due  t o  the  fac t  
t hat  between  s tud ies  the re  a re  m any d i f fe ren t  def i n i t ions  o f  
phys i c a l  ac t i v i t y  pa r t i c i pa t i on  and  de te rm in ing the categor ies  i n t o   
wh ich  the ado lescent s  f e l l  va r ied f rom s tudy to  s tudy .  In  th i s  
s t udy phys i ca l  ac t i v i t y  pa r t i c ipa t i on has  been  d iv ided  in t o  l ow,  
moderate  and h igh  bu t  the ac tua l  va lues  o f  these te r t i l es  may be  
d i f f e ren t  f rom o ther  s t ud ies .     
 
I t  was beyond  the scope  o f  th is  research  repor t  to  i nves t iga te  t he  
assoc ia t i on  be tween t runk  musc le  enduranc e,  l umbar-pe lv ic  
i ns tab i l i t y  and  phys i c a l  ac t iv i t y  pa r t i c i pa t i on  but  i t  wou ld  be  
i n te res t i ng to  see  i f  t hose ado lesc en ts  w i th  l ow leve ls  o f  phys i c a l  
ac t iv i t y  pa r t i c i pa t ion  a l so  p res ented  w i t h  a l t e red  m usc le  func t i on.   
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5.9 SEDENTARY ACTIVITY PARTICIPATION 
 
The resu l t s  o f  the  cu r rent  s tudy i nd i ca te  tha t  l i f e t ime,  one year  
and  po in t  p reva lence  o f  ado lescent  LBP inc reased  as  inc reased 
leve ls  o f  seden ta ry ac t i v i t y  par t i c i pa t i on were  repor ted  f r om the                                       
l ow t o  t he moderate  te r t i l es .  A l t hough  t he resu l t s  were  no t  
s t a t i s t i ca l l y  s ign i f i c an t  a  def i n i t e  t rend  was  apparen t .  S im i la r  
resu l t s  have  been repor ted i n  o ther  s tud ies  in  wh ich  h igher  
seden tary ac t iv i t y  pa r t i c ipat i on was  assoc ia ted  w i t h  ado lescen t  
LBP (Mas ie ro  e t  a l ,  2008 ;  Jo rdaan ,  2005) .   
 
A l t hough  i t  cannot  be de te rm ined  f rom th i s  s tudy i f  h igher  l eve ls  
o f  seden ta ry ac t i v i t y  a re  the  cause  o r  e f fec t  o f  LBP.  Jo rdaan ,  
(2005)  suggest s  tha t  i nc reased seden ta ry  ac t iv i t y  pa r t i c i pa t i on  
and  low leve ls  o f  phys i ca l  ac t i v i t y  pa r t i c ipa t i on  may res u l t  in  poor  
deve lopment  o f  t he  muscu loske le ta l  sys tem wh ich  i s  there fo re  
unab le  t o  t o le ra te  mechan ica l  l oad ing  o r  s t ress  res u l t i ng  i n  
dys func t i on wh ich may lead  to  pa in  (J o rdaan,  2005) .   
  
D i f f i cu l t y  i s  exper ienced  in  com par ing  res u l t s  due  t o  d i f f e ren t  
de f i n i t i ons  o f  s eden ta ry ac t iv i t y  pa r t i c i pa t i on .                            
I n  t he  cu r rent  s t udy  s eden ta ry ac t iv i t y  i nc luded  t ime and  
f requenc y spen t  wa tch ing  te lev i s ion ,  work ing on  a  compute r ,  
s t udying ,  read ing,  wa tch ing mov ies ,  s leep ing and  l y ing  down.  
Thes e  were  a l l  added  t oge ther  to  g ive  a  t o ta l  am ount  o f  seden ta ry  
ac t iv i t y  a  month .  O ther  s tud ies  l ook ed  a t  i nd i v idua l  ac t iv i t i es  s uc h 
as  t im e spent  wa tch ing  t e lev i s ion (B a lagué  e t  a l ,  1999;  Ba lagué  e t  
a l ,  1994) ,  s i t t i ng  t ime (G r immer  and  W atson ,  2001)  o r  a  
comb ina t ion o f  ac t i v i t ies  suc h  as  t im e spent  work ing on  a  
compute r  and  t ime  spen t  wa tch ing  t e lev i s ion (S jo l i e ,  2004) .   
 
I t  was beyond  the scope  o f  th is  research  repor t  to  i nves t iga te  t he  
assoc ia t i on  be tween t runk  m usc le  enduranc e,  l um bar-pe lv ic  
i ns tab i l i t y  and  seden tary ac t i v i t y  pa r t i c i pa t i on  but  i t  wou ld  be  
i n te res t i ng to  see  i f  t hose ado lesc en ts  w i th  l ow t o  m oderate  l ev e ls  
o f  seden ta ry ac t i v i t y  pa r t i c i pa t i on  a lso  p resen ted w i th  a l te red  
musc le  f unc t i on  
 
I t  has  been  ind i c ated  tha t  t he t reatm ent  o f  ado lesc en t  LBP i s   
mu l t imoda l .  Fami ly  h i s t o ry,  s por ts  pa r t i c i pa t i on ,  phys ic a l   
ac t iv i t y  pa r t i c i pa t ion  and  sedenta ry ac t iv i t y  pa r t ic i pat ion  
have  been  ident i f ied  i n  p rev ious  s t ud ies  as  poten t ia l  r i sk  
f ac to r s .  Thes e f ac to r s  were t here fo re  i nc luded in  t h i s  s t udy  
as  a  number  o f  con t r i bu t i ng  fac to rs  may be  invo lv ed in  t he 
cause  o f  ado lescen t  LBP and m ay need  to  be addressed  
t oge ther .  I t  was  a ls o  impor tan t  t o  ensure  the  samp le  was  no t  
b iased .   
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5.10 CRITICAL REVIEW OF THE STUDY 
 
The s t rengths  and  l im i t a t ions  o f  t he s t udy w i l l  be  rev iewed.   
 
S t reng ths  o f  t he s tudy a re  as  f o l lows :  
 
•  The t h ree  sc hoo ls  were  i n  ve ry d i f fe rent  soc io -econom ic  
geograph ica l  a reas .   
 
•  The researcher  was  b l i nded  t o  t he  res u l t s  o f  the  
ques t ionna i re  un t i l  comple t i on  o f  the  phys i ca l  assessment .   
 
•  Th is  was  t he  f i r s t  s t udy to  i nv es t iga te  t he  ass oc ia t i on  
be tween  lumbar-pe lv i c  i ns tab i l i t y  and  t r unk  m us c le  
endurance ,  and prov ides  a  base l i ne  f o r  f u tu re  res earch .  
 
•  E ight  f ac tors  were  i nves t i ga ted i n  the  s t udy;  a  sample  s i ze  
o f  80 was  an adequa te  sam ple  s i ze .                                  
 
L im i t a t i ons  o f  the s t udy  a re  as  fo l l ows :  
 
•  D i f f i cu l t i es  were  encoun te red  in  f i nd ing  schoo ls  wh ich were 
w i l l i ng  t o  pa r t i c i pa te  i n  t he  s t udy.  Two o f  t he schoo ls  had a  
sm al le r  number  o f  s t uden ts  than  the th i rd  schoo l ;  t h i s  
resu l t ed i n  an  uneven  par t i c i pa t i on be tween  the  th ree 
sc hoo ls .   
 
•  Some outc ome meas ures  were  based  on se l f  repor ts .  No  
a t tempts  were  made  to  va l i da te  the comp la in t  o f  LBP 
repor t i ng  w i t h  pa ren t s /guard ians .   
 
•  The quest ionna i re  used s hou ld  have  been  mod i f i ed  to  
i nc lude  on ly  those  ques t ions  re levan t  to  the cu r rent  s t udy.   
 
•  Each schoo l  year  may hav e  a  d i f f e ren t  se t  o f  env i ronm enta l  
r i sks ,  t he da ta f or  t he en t i re  s amp le  was  ana lysed  t oge ther  
and  no t  pe r  g rade.                                                          
 
•  Due  t o  t he  h igh p reva lence  o f  r epor ted  LBP,  i t  was  an   
uneven  match  when  inves t i gat i ng poss ib le  r i s k  fac to rs  fo r   
LBP.  Poss ib le  as soc ia t ions  may have  been  m issed.  A  
matched c ase-cont ro l  s tudy wou ld  g i ve  more  def in i te  
assoc ia t i ons .   
 
•  On ly  ado lescen ts  i n  g rade  8  t o  g rade  11 were  inc luded  in  t he 
s t udy.  I t  wou ld  be benef ic ia l  t o  i nc lude  lea rners  i n  l ower  
g rades  as  in  t he  cu r rent  s tudy  ado lescen ts  a l r eady  
p resen ted  w i t h  a  h igh  p reva lence o f  LBP in  grade  8  and  
g rade  9 .   Th is  was  not  poss ib le  i n the  cu r rent  s t udy  as  t hos e 
g rades  fa l l  i n to  the  p r imary schoo l  sys tem.   
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•  As  t h i s  i s  a  c ross  sec t i ona l  s tudy,  i t  i s  not  poss ib le  to  
demonst ra te  causa l i t y  bu t  on l y  poss ib le  to  show an 
assoc ia t i on .  
 
•  Unmeasured  va r iab les  cou ld  b ias  the  resu l t  (e . g .  
psychosoc ia l  f ac to rs ) .   
 
5.11 CONCLUSION 
 
I n  t h is  c hap te r  the  resu l t s  o f  t he  s tudy i n  t e rms  o f  t he  res earch  
repor t  hav e been d i sc ussed .   
 
The lack  o f  assoc ia t i on  be tween t he  f ac to rs  i nves t i ga ted  i n  t h i s  
s t udy o f  ado lesc en ts  w i th  LBP cou ld  be  due  t o  o ther  phys i ca l  
charac te r i s t i cs  not  i nves t i gated  i n  th is  s tudy.  The  p rev a lenc e o f  
LBP wi th in  the  s tudy  was  ve ry  h igh  wh ich  makes  t rue assoc ia t i on  
be tween  the  poten t ia l  r i sk  f ac to r s  and  LBP d i f f i cu l t .   
 
The in te rac t i on o f  mu l t i p le  r i sk  fac to rs  requ i res  more a t ten t ion .  
LBP is  mu l t i d imens iona l  the re fo re  no  s ing le  i n t e rvent ion  i s  l i k e ly  
t o  be e f f ec t iv e a t  p reven t ing t he overa l l  p rob lem of  LBP.  
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CHAPTER 6 – CONCLUSION AND 
RECOMMENDATIONS 
 
6.1 Conclusion 
 
The a im of  the  s tudy  was  t o i nves t iga te  the  assoc ia t ion  be tween  
ado lescen t  LBP and  lumbar -pe lv i c  ins tab i l i t y  and  t runk  musc le  
endurance  as  we l l  as  i nves t i ga te  the  assoc ia t i on  between  lumbar -
pe lv i c  i ns tab i l i t y  and  t r unk  mus c le  endurance .  
 
L i f e t ime,  one-yea r  and  po in t  p rev a lence  o f  ado lescen t  LBP were  
h igh  i n  the cu r rent  s tudy.   
 
Lumbar -pe lv i c  i ns tab i l i t y  showed no  assoc ia t i on  w i th  ado lescen t  
LBP.  Trunk  musc le  endurance  showed a  s t r onger  assoc ia t i on .  
Ado lescen ts  w i th  LBP presen ted w i th  i nc reased t runk  f lex or  
musc le  endurance and  decreased  t runk  ex tensor  musc le  
endurance .  The  t imes  recorded  fo r  t r unk  s ide  f l ex or  m usc le  
endurance  was  s im i la r  i n  those ado les cents  w i th  and  w i t hou t  LBP.   
 
Thos e  ado lescents  wi t h  bet te r  l umbar -pe lv ic  s tab i l i t y  had  be t te r  
t runk  musc le  enduranc e  resu l t s .  Th is  was  on ly  s t a t is t i ca l l y  
s ign i f i c ant  fo r  ex tensor  t runk  musc le  endurance .   
 
Po in t  p rev a lence showed a  s t a t i s t i ca l l y  s ign i f i can t  assoc ia t i on  
w i th  f am i l y  h i s to ry  one-year  p reva lence  a  marg ina l l y  s ign i f i c ant  
resu l t ,  wh i l e  l i f e t ime p reva lence  o f  LBP showed no  as soc ia t i on  
w i th  f am i l y  h i s t o ry .   
 
The ma jo r i t y  o f  ado les cen ts  i n  t he s tudy repor t ed  l ow ac t iv i t y  
l eve l  pa r t i c i pat i on.  Those ado les cen ts  i n  t he moderate  te r t i l es  o f  
seden tary ac t iv i t y  pa r t i c ipat i on repor ted  a  h igher  p reva lenc e o f  
LBP.  
 
6.2 CLINICAL RECOMMENDATIONS 
 
The impl i ca t i ons  o f  t he  f i nd ings  c an  on ly  be  genera l i sed  t o  t he  
spec i f i c  popu la t i on .  
 
The h igh p rev a lenc e o f  ado lescent  LBP ind i cates  t he need  fo r  
p reven ta t i ve  s t ra teg ies .  P reventa t i ve  s t ra teg ies  shou ld  i nc lude  
t he f o l l ow ing :    
 
•  Ado lescen ts  need to  be  educa ted on  back  ca re .   
 
•  Back  c are  awareness  needs  to  be addressed  w i th  l earners  o f  
a l l  ages as  we l l  as  w i th  pa rents  and  t eachers .                                   
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•  Ado lescen ts  need to  be  educa ted on  co r rec t  l i f es t y le  
mod i f i ca t i ons  i n  an  e f f o r t  t o  p revent  o r  reduce  t he  
 occur rence o f  LBP.    
                                                                                      
•  Ex erc ise  needs  t o  be  enc ouraged t o  p romote bet te r  phys ic a l  
f i t ness ,  endurance  and  s t rength .  Exerc ise  appears  to  have  a  
p ro tec t iv e  f unc t i on  on  LBP .   
 
•  Ado lescen ts  must  be  educ ated  on the nega t i ve  e f f ec ts  o f  
p ro longed  seden ta ry ac t i v i t i es  and  t he e f fec t s  o f  poor  
pos tu re  dur ing  th is  t ime.   
 
•  Ado lescen ts  need to  be  educa ted on  co r rec t  sp ine  f unc t i on 
and  on  sp ina l  s t ab i l i t y .   
 
•  A  mu l t id is c ip l ina ry approac h i s  necessary  as  t he  r i sk  f ac tor s  
a re  mu l t i - fac to r ia l .    
 
6.3 RECOMMENDATIONS FOR FURTURE RESEARCH 
 
Recomm endat ions  f or  fu t u re  research  i nc lude t he f o l low ing :  
 
•  Long i tud ina l  s tud ies  a re  needed  in  o rder  to  es tab l ish  the 
cause  and e f fec t  re la t i onsh ip  o f  LBP and  r isk  f ac to r s  i n  the 
ado lescen t  popu la t i on .   
 
•  Sc hoo l  fu rn i t u re  and  e rgonomics  were  no t  addressed  in  th i s  
s t udy.  The e f fec ts  o f  s i t t i ng  pos i t i on  on  causa l i t y  o f  
ado lescen t  LBP needs  to  be i nves t iga ted .   
 
•  The s tudy shou ld  be  repea ted  as  a  matched case-c ont ro l  
s t udy to  bet t e r  def i ne t he assoc ia t ion  be tween t he f ac to rs  
i nves t i ga ted and  ado lescen t  LBP.  
 
•  Fu r the r  research  is  needed  t o  desc r ibe  t he moto r  cont ro l  
pa t t e rn  i n  ado lescen t s  when  per f o rm ing t he  AS LR.  
 
• Fur ther  research  is  needed  t o  i nves t i ga te  the  assoc ia t i on  
be tween  lumbar-pe lv i c  i ns tab i l i t y  and  t r unk  m us c le  
endurance  as  t h i s  i s  t he  on ly  s t udy  t o  date  and the re fo re  
on ly  se ts  a  s ta r t i ng  po in t  f o r  research  i n  t h i s  f i e ld .   
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APPENDIX A 
 
LETTER TO INDEPENDENT SCHOOLS 
ASSOCIATION OF SOUTH AFRICA 
 
ISASA Cent ra l  O f f i ce  27  J u l y  2008  
 
Request  to  conduct  a  research  study in  IS AS A member  
schools  in  Centra l  Gauteng 
 
I  am a pos t -g radua te  s tudent  a t  t he  Un ive rs i t y  o f  the  
W i twaters rand ,  and  am  p lann ing  a  research  s tudy f o r  a  MS c 
Degree .  My s tudy  w i l l  f oc us  on  the  ado les cen t ,  and  
inves t i ga te  poss ib le  r i s k  fac to rs  that  c ou ld  cause low back  
pa in  i n  the ado lescen t .  
F rom a rev iew of  t he  l i t e ra tu re  i t  i s  ev ident  t hat  t here  i s  an 
i nc rease in  l ow back  pa in  i n  ado lescen ts .  Pos s ib le  reasons  
inc lude  t oo  l i t t l e  exerc ise ,  too  much s eden tary ac t iv i t ies  and  
t oo l i t t l e  s por t ,  and  dec reased musc le  s t rength  and 
endurance .  I t  has  a l s o  been  ind i cated  t hat  l ow back  pa in  as  
an  ado lescent  cou ld  be  a  p red ic t o r  f o r  l ow back  pa in  as  an  
adu l t .   
 
The a im of  th is  s tudy is  t oo f u r t her  i nves t i ga te  decreased  
musc le  endurance and  s tab i l i t y  as  pos s ib le  r i sk  f ac to rs  fo r  
ado lescen t  l ow bac k  pa in .  The s tudy en ta i l s  a  shor t  
ques t i onna i re  that  m ust  be  c omp le ted  on  spor t i ng  ac t i v i t ies ,  
t ime s pent  work ing  on  a  compute r  or  wa t ch ing t e lev is ion ,  and 
on  t he na tu re  of  low back  pa in i f  p resen t .  Thereaf t e r  he igh t  
and  we igh t  w i l l  be  measured,  and f ou r  s t andard 
phys io therapy tes t s  w i l l  be  us ed  t o  record  musc le  s t reng th  
and  s tab i l i t y .  
The in fo rmat ion  ga ined  w i l l  he lp  t he  res earcher  i den t i f y  
poss ib le  r i sk  fac to rs  t ha t  cou ld  c aus e  back  pa in  i n  the  
ado lescen t .  The ado lesc en t  i s  i n  a  phase  o f  rap id  g rowth  
t here fo re  i t  i s  impor tan t  to  p lan a  p rev en ta t iv e  p rogramme to  
ensure  the  ado lescen t  g rows  int o  a  hea l thy  pa in - f ree  adu l t .   
 
I  am wr i t i ng  t o you  to  request  your  pe rm iss ion  t o  conduc t  
t h is  s tudy a t  ce r t a in  sc hoo ls  t ha t  a re  ISASA members .  The  
p r inc ipa ls  o f  the se lec ted sc hoo ls  w i l l  be  i n fo rm ed on  t he 
na tu re  o f  t he s t udy,  and  the i r  pe rm iss ion w i l l  be  obta ined  in  
wr i t i ng  befo re  t he sc hoo l  i s  inc luded  in  t he s t udy.  The  
p ro toco l  w i l l  be  subm i t ted  to  the Research  E th ic s  Commi t t ee ,  
Un ive rs i t y  o f  the  W i twate rs rand  on 7 t h  A ugus t  2008.   
 
I  wou ld  apprec ia te  i t  s i ncere l y  i f  you  wou ld  cons ider  t h i s  
reques t  f avourab ly .  
Yours  S incere l y  
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Franço ise  Lewis                                                                        
Te l :  011  794 5044   
Mob i l e :  082  699 0495  
Em ai l :  f ran lewis@l i ve . co. za  
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APPENDIX B 
 
 
LETTER TO SCHOOL PRINCIPAL 
 
To  t he  P r inc ipa l  o f  _________________  H igh  Schoo l  
 
He l l o ,  my name is  F ranco ise Lewis .  I  am a reg i s t e red 
phys io therap is t ,  and  am cur ren t l y  comp le t i ng a  Mas te rs  
degree  in  phys io therapy a t  t he  Un ive rs i t y  o f  t he  
W i twaters rand .  As  par t  o f  my degree,  I  am  s tudy ing  l ow back  
pa in  i n  ado les cents .  I  wou ld  l i ke  t o  i nv i te  your  schoo l  t o  
pa r t i c i pa te  i n  t he s t udy,  and  reques t  your  pe rm iss ion to  a l l ow 
t he G rade  8  –  11  l ea rners  a t  your  schoo l  t o  pa r t i c i pate  i n  t he 
s t udy.  
 
Perm iss ion  f o r  the  s t udy  w i l l  be  app l i ed  fo r  w i t h  t he  
Un ive rs i t y  o f  the  W i twate rs rand ,  Human Research  E th i cs  
Commi t tee (HREC) .    
 
I  have  inc luded a  des c r ip t i on  o f  the  purpose o f  the  s tudy  t hat  
w i l l  be  i nvo lved :  
 
Sou th  A f r i can and  in t erna t iona l  s tud ies  on ado lescen t  l ow 
back  pa in  repor t  the  p reva lence o f  low back  pa in  to  be  
be tween  20% -  50%.  Th is  i s  a  ve ry h igh  percentage .  
Research i nd ica tes  t ha t  ado lescen t  l ow back  pa in  i s  
p red ic t i ve  o f  adu l t  l ow back  pa in .   A  need  has  been  iden t i f i ed  
t o  es tab l i sh  r is k  fac to rs  and ass oc ia ted  fac to rs  fo r  
ado lescen t  l ow bac k  pa in ,  and  perhaps  ident i f y  sc reen ing  
t oo l s  t ha t  can be  used  t o  i dent i f y  ado lescen ts  a t  r i sk  f or  l ow 
back  pa in .   
 
Th is  s tudy a ims to  es tab l i sh  the  p reva lence  o f  ado lesc en t  
l ow back  pa in  and iden t i f y  poss ib le  r i sk  f ac tors  tha t  are  
p resen t  i n  ado lescen ts  t ha t  cou ld  be  as soc ia ted  w i th  l ow 
back  pa in .   
 
A l l  ado lescen ts  who  agree  to  tak e par t  i n  the  s t udy  w i l l  be  
a l l oca ted a  number .  Th is  number  w i l l  be  on a l l  documents  
and  in f o rmat ion co l l ec ted  re la t i ng  to  t he ado lescen t  f o r  the  
en t i r e  s t udy.  The  l i s t  o f  num bers  and  co r res pond ing  names 
w i l l  be  kep t  i n  a  locked  safe .  Nam es  and pub l i c  i n fo rmat ion 
w i l l  no t  be  pub l i c ly  d i vu lged ,  and  any  resu l t s  pub l i shed  f r om 
the s tudy w i l l  rema in  anonymous .   
 
The ado lescen t ’s  pa r t i c i pa t i on i n  t h i s  s tudy i s  ent i re ly  vo lun ta r y,  
and  each  ado lescen t  i s  f r ee t o  w i thd raw f rom the s tudy  a t  any t im e.  
No  reason is  requ i red  and  no adverse  cons equences  w i l l  f o l l ow 
h i s / he r  w i t hd rawa l .  No cos t  w i l l  be  incur red  by any par t i c i pa t i ng  
sc hoo ls ,  l ea rners  or  pa ren ts .     
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I  w i l l  p rov ide  t he paren t s  and  learners  w i th  an i n f ormat ion  
shee t ,  exp la in ing wha t  the s t udy  w i l l  inv o lv e and  inv i t i ng  
t hem to  par t i c i pate  i n  t he s tudy.  Paren ts  w i l l  be  requ i red  t o  
s ign  i n f o rmed consen t  and  the  ado lesc en ts  s ign assen t  
be fore  t hey w i l l  be  i nc luded  in  the s tudy .  
 
A l l  ado lescen ts  who  have  s igned  t he  ass ent  f o rm  and whos e  
paren t s  have  g i ven  c ons ent  w i l l  be  e l i g ib le  t o  pa r t i c i pa te  i n  
t he s t udy.  F rom those  lea rner ’s  5 -10  boys  and  5-10 g i r l s  i n  
g rades  8 ,  9 ,  10  and  11  w i l l  be  random ly se lec ted to  be  
i nc luded  in  the  s tudy .  
 
The lea rners  who  have  been  se lec ted  t o  pa r t i c i pa te  in  t he 
s t udy w i l l  need t o  comp le te  a  quest ionna i re  a t  schoo l .  I  w i l l  
be  t he re  to  he lp  them f i l l  i t  i n .  The  ques t ionna i re  w i l l  t ake  
abou t  20  m inu tes  to  comp le te .  The ques t ionna i re  conta ins  
i n f o rmat ion  that  mus t  be  com p le ted  on  spor t i ng  ac t iv i t y ,  t im e 
spen t  work ing  on a  compute r  o r  wa tch ing t e lev i s ion,  the  
p resence  o f  back  pa in  o r  o the r  musc le  and jo in t  prob lems .  I  
w i l l  a l so  measure  the  ado lescen ts  mus c le  endurance and 
s t rength  us ing  f our  s imp le ,  s t andard  phys io therapy 
assessments .  The  ado lescen t ’s  he igh t ,  we igh t  and  schoo l  
bag  we igh t  w i l l  be  measured.   The  measurem ents  w i l l  t ak e 
abou t  25  m inu tes  fo r  each  c h i ld ,  and  w i l l  be  done  in  an  
enc losed ,  p r iv ate  area .  I  w i l l  a r range  to  tak e t he 
measurements  a t  a  t ime  wh ich is  conven ien t  f o r  your  s choo l  
and  your  l ea rners .  I t  i s  a  once  o f f  measurem ent  and  phys i ca l  
assessment .  As  ment ioned  abov e,  the  l ea rners  nam e wi l l  no t  
appear  on  the ques t ionna i re ,  and  a l l  resu l t s  w i l l  rema in  
anonymous  and be  handed  w i t h  s t r i c tes t  conf ident ia l i t y .  
 
Once t he s tudy i s  comp le te ,  I  w i l l  in f o rm  your  sc hoo l ,  
pa ren t s  and  pup i ls  o f  t he  ou tcome of  the  ent i re  s tudy .  Your  
l ea rner ’ s  pa r t i c i pat i on  i n  th is  s t udy  w i l l  he lp  con t r i bu te  to  the 
deve lopment  o f  an  e f f ec t iv e  asses sment  and sc reen ing  
p rogramm e to  i den t i f y  r i sk  f ac to r s  as soc ia ted w i th  
ado lescen t  l ow bac k  pa in .  As  t he  ado lescent  i s  i n  a  phase  o f  
rap id  growth ,  a  p reven ta t i ve  p rogramme can be  imp lemented ,  
t o  ensure  the  ado les cent  deve lops  in t o  a  hea l thy adu l t .   
 
I  wou ld  g reat l y  apprec ia te  your  he lp  i n  a l l ow ing  your  sc hoo l  
t o  pa r t i c i pate  i n  the  s t udy.  
 
P lease fee l  f ree to  contac t  me i f  t he re  i s  any  i n f o rmat ion ,  
regard ing  th i s  s t udy ,  tha t  you  do  no t  c lear l y  unders tand ,  o r  i f  
you  requ i re  any  f u r the r  i n f o rmat ion.  
 
Yours  S incere l y  
F ranço ise  Lewis  
Te l :  011  794 5044 ;  Mob i l e :  082 699  0495 
Em ai l :  f ran lewis@l i ve . co. za  
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PARENTS – INFORMATION SHEET 
 
Dear  Paren ts  o f  Grade  8  –  11  Pup i ls  
 
He l l o ,  my name is  F ran Lewis .  I  am a  phys io therap is t  
cu r ren t l y  comp le t ing  my Mas te rs  degree  in  phys io therapy a t  
t he Unive rs i t y  o f  the  W i twa ters rand.  As  par t  o f  m y degree ,  I  
am inves t i ga t i ng  low bac k  pa in  i n  ado lescen ts .  Your  ch i l d ’s  
sc hoo l  has  k ind l y  ag reed  to  a l low a l l  g rade  8 -11 lea rners  
who  a re  w i l l i ng  t o  t ake  par t ,  t o  pa r t i c i pate  i n  t he  s tudy.  I  
wou ld  l i ke  to  i nv i te  your  ch i l d  t o  pa r t i c i pa te ,  and  wou ld  be  
ve ry  g ra te fu l  i f  you  wou ld  cons ider  l e t t i ng  h im /her  j o in  in  t he 
s t udy.  
 
The f o l l ow ing  in f ormat ion w i l l  ex p la in  the  purpose o f  the  
s t udy and  wha t  w i l l  be  i nvo lv ed.  
 
Sou th  A f r i can and  in t erna t iona l  s tud ies  on ado lescen t  l ow 
back  pa in  repor t  the  p reva lence o f  low back  pa in  to  be  
be tween  20% -  50%.  Th is  i s  a  ve ry h igh  percentage .  
Research i nd ica tes  t ha t  ado lescen t  l ow back  pa in  i s  
p red ic t i ve  o f  adu l t  l ow back  pa in .   A  need  has  been  iden t i f i ed  
t o  es tab l i sh  po tent ia l  r i sk  fac to rs  f or  ado lescen t  l ow back  
pa in .   
 
Th is  s tudy a ims to  es tab l i sh  the  p reva lence  o f  ado lesc en t  
l ow back  pa in  and es tab l is h  t he  assoc ia t i on  be tween  musc le  
weakness  and  ins tab i l i t y  on  ado lescen t  l ow back  pa in .   
 
A l l  ado lescen ts  who  agree  to  t ak e par t  i n  the  s t udy w i l l  be  
a l l oca ted a  number .  Th is  number  w i l l  be  on a l l  documents  
and  in f o rmat ion co l l ec ted  re la t i ng  to  t he ado lescen t  f o r  the  
en t i r e  s t udy.  The  l i s t  o f  num bers  and  co r res pond ing  names 
w i l l  be  kep t  i n  a  locked  safe .  Names  and pub l i c  i n fo rmat ion 
w i l l  no t  be  pub l i c ly  d i vu lged ,  and  any  resu l t s  pub l i shed  f r om 
the s tudy w i l l  rema in  anonymous .   
 
Your  ch i l d ’ s  par t i c i pa t i on  i n  th i s  s tudy  i s  ent i r e ly  v o lun ta ry,  
and  i s  f ree  t o  w i t hd raw f rom the s tudy a t  any  t ime.  No  reas on 
i s  requ i red  and no  advers e consequences  w i l l  f o l l ow h i s / her  
w i thd rawa l .  No cos t  w i l l  be  i ncur red.  
Th is  s tudy w i l l  i nc lude  a l l  ch i l d ren  –  whether  they have  
p rev ious l y  com pla ined  of  low back  pa in  o r  not .  
 
A l l  l earners  who  agree  t o  take par t  in  t he s tudy w i l l  need  t o  
comp le te  a  ques t ionna i re  re la t i ng  to  low back  pa in .  The  
ques t ionna i re  w i l l  be  comp le ted  a t  schoo l ,  i t  w i l l  t ake  abou t  
20  m inutes  to  comp le te .  I  w i l l  be  the re  to  exp la in  i t  t o  t hem 
and  he lp  them f i l l  i t  i n .  
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I  w i l l  m easure  your  c h i l d ’ s  we igh t ,  he igh t  and schoo l  bag  
we igh t .  I  w i l l  a l so  m eas ure t he i r  musc le  enduranc e and  
s t rength  w i th  fou r  s imple ,  s tandard phys io therapy 
assessments .  Th is  w i l l  be  done  in  an  enc losed,  p r i va te  a rea.  
The phys i c a l  t es ts  w i l l  t ake abou t  25  m inu tes  t o  com p le te .  
No  nam es  w i l l  appear  on  t he  quest ionna i re ,  and a l l  resu l ts  
w i l l  r ema in anonymous and w i l l  be  hand led  w i th  the  s t r i c t es t  
conf idenc e.  
 
F rom those lea rners  and paren ts  who  have  agreed to  
pa r t i c i pa te  i n  t he s t udy,  5 -10  g i r l s  and  5 -10  boys  w i l l  be  
random ly se lec ted  f rom each  g rade .  I t  w i l l  be  a  once  o f f  
assessment  and  comp le t i on of  the  ques t ionna i re .  
 
Your  ch i l d ’ s  par t i c i pa t i on  i n  th i s  s tudy  w i l l  he lp  con t r i bu te  t o  
t he deve lopment  o f  an ef f ec t ive  asses sment  and  s c reen ing  
p rogramm e to  i den t i f y  r i sk  f ac to r s  as soc ia ted w i th  
ado lescen t  l ow bac k  pa in .  As  t he  ado lescent  i s  i n  a  phase  o f  
rap id  growth ,  a  p reven ta t i ve  p rogramme can be  imp lemented ,  
t o  ensure  the  ado les cent  deve lops  in t o  a  hea l thy adu l t .  
 
The sc hoo l  i s  no t  d i r ec t l y  i nvo l ved in  t h is  s tudy,  and  they w i l l  
no t  have access  to  your  ch i l d ’ s  persona l  res u l t s .  Once  the  
s t udy is  c om p le te ,  I  w i l l  in f orm the schoo l  o f  the  resu l t s  o f  
t he  s t udy.   
 
I  wou ld  g reat l y  apprec ia te  you  d i scuss ing t h is  w i th  your  ch i l d  
and  a l l ow ing  your  ch i l d  to  pa r t i c ipate  i n  the  s t udy .  I f  you  g i ve  
your  consen t  w i l l  you  p lease  f i l l  in  the  consent  f o rm at t ached  
as  we l l  as  the med ica l  h i s to ry  f o rm.  I f  your  ch i l d  has  any 
se r ious  back  p rob lems o r  i l l ness  he / she i s  not  requ i red  to  
t ake par t  in  t he  s tudy.   
Your  ch i l d  needs t o  ag ree to  pa r t i c ipa te  i n  the  s tudy  and  
needs  to  s ign  h is /he r  nam e on t he as sen t  fo rm a t t ached.  
 
P lease re turn  t he cons en t  fo rm  t o  the  sc hoo l  by 
___________  
 
P lease fee l  f ree to  contac t  me i f  you  requ i re  any f u r the r  
i n f o rmat ion  or  i f  the re  i s  s ometh ing you  a re  unc lear  o f  
regard ing  the s tudy .   
  
Thank  you  ve ry  muc h f o r  your  ass i s tance.  
 
F ranço ise  Lewis  
Te l :  011  794 5044  
Mob i le :  082  699 0495  
E -ma i l :  f r an lewis@l i v e. co. za   
 
 
 
73  
APPENDIX D 
 
 
LEARNERS – INFORMATION SHEET 
 
Hel lo ,  my name is  F ran Lewis .  I  am a  phys io therap is t  and  I  
am s tudy ing  l ow back  pa in  i n  ch i l d ren .  Your  schoo l  has  
agreed  t o  a l l ow a l l  g rade  8 -11 lea rners  who  a re  w i l l ing  to  
t ake par t  to  j o in  in  m y s tudy.  I  wou ld  l i ke  t o  i nv i t e  you  t o  
t ake par t  in  my s tudy.  Befo re  you  agree  to  tak e par t ,  i t  i s  
impor t ant  you  read  t h is  l e t te r  and  unders tand  wha t  t he  s tudy 
i nvo lves .  
 
I n  t h is  s tudy I  wou ld  l i ke  to  i nves t igate  wha t  e f fec t  your  
musc les  m igh t  hav e  on low back  pa in .  I f  you a re  par t  o f  t he  
s t udy,  you  w i l l  need  t o  f i l l  i n  a  ques t ionna i re .  The 
ques t ionna i re  w i l l  ask  you  about  wha t  s por t  you  do,  how 
much  t im e you  spend  a t  t he c ompute r ,  and  abou t  i f  you  ge t  
back  pa in  o r  no t .  I t  i s  no t  a  tes t ,  and  I  w i l l  be  t he re  to  
exp la in  i t  t o  you  and  he lp  you  f i l l  i t  ou t  i f  needed .  I  w i l l  a ls o  
measure your  t runk  m usc le  enduranc e s t rength  w i th  fou r  
s imp le  tes ts .  Th is  w i l l  be  done  in  a  p r i va te  a rea and  you  w i l l  
be  i n  shor t s  and  a  t - s h i r t .   
 
I f  a t  any t ime,  you no  longer  wan t  to  be  par t  o f  the  s tudy ,  
you  a re  a l l owed  to  s ay s o  and you  do  no t  hav e t o  g i ve  any 
reason .  
 
I  wou ld  be ve ry g ra te fu l  i f  you  wou ld  g i v e  i t  som e t hough t  
and  wou ld  agree to  pa r t i c i pate  i n  t he  s t udy.  I f  you  want  to  
t ake par t ,  you  and  your  pa ren t s  need  to  comple te  the  
a t tached  fo rm  and  re tu rn  i t  t o  sc hoo l  as  soon  as  poss ib le .   
 
Thank  you  f o r  you r  he lp  
 
 
 
F ranço ise  Lewis  
Te l :  011  794 5044  
Mob i le :  082  699 0495  
E -ma i l :  f r an lewis@l i ve . co. za   
 
 
 
 
 
 
 
 
 
                                               
74  
APPENDIX E 
 
INFORMED CONSENT FORM 
 
I  he reby conf i rm tha t  I  have  been in f ormed by  t he 
researcher ,  F ranco ise  Lewis ,  about  t he na tu re  and  purpose  
o f  t h is  r esearch s tudy .  I  have rece ived ,  read  and unders tood 
t he a t tached  in f o rmat ion shee t  r egard ing  the  s t udy.  I  was  
p rov ided  w i t h  a t e lephone  num ber  to  c ontac t  t he res earcher  
shou ld  I  requ i re .   
 
I  am aware  t ha t  the  resu l t s  o f  the  s t udy ,  i nc lud ing a l l  
pe rsona l  deta i l s  o f  my ch i l d ,  w i l l  be  s t r i c t l y  conf ident ia l  and  
w i l l  r ema in anonymous in  a l l  repor ts  re la t i ng  t o  t he  s tudy.  I  
unders tand  t ha t  my ch i l d  may w i t hd raw f rom the s tudy  a t  any 
s t age and  the re  w i l l  be  no adverse consequences shou ld  
he /s he  choose to  do  s o.  
 
I  cons ent  to  my ch i l d  pa r t i c i pa t i ng  in  t he s t udy.  
 
 
 
Pr inted Name Signature Date  
 
 
INFORMED ASSENT FORM 
 
I  he reby conf i rm tha t  I  have  been in f ormed by  t he 
researcher ,  F ranco ise  Lewis ,  about  t he na tu re  and  purpose  
o f  t h is  r esearch s tudy .  I  have rece ived ,  read  and unders tood 
t he a t tached  in f o rmat ion shee t  r egard ing  the  s t udy.   
 
I  am aware  t ha t  the  resu l t s  o f  the  s t udy ,  i nc lud ing a l l  m y 
persona l  deta i l s  w i l l  rema in  s t r i c t l y  con f ident ia l .  I  may,  a t  
any s t age,  w i t hou t  any adverse c onsequenc e,  w i t hd raw f rom 
the s tudy.   
 
I  ass ent  to  pa r t i c ipa te  i n  the  s t udy .  
 
 
 
 
P r inted Name Signature Date  
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APPENDIX F 
 
 
PARTICIPANTS MEDICAL HISTORY 
QUESTIONNAIRE 
 
Dear  Paren t  
 
Thank  you  f o r  ag ree ing  t o  le t  your  c h i ld  pa r t i c i pate  in  t h is  
s t udy.  P lease comp le te  t he quest ions  be low c are fu l l y .  Due  to  
t he natu re  o f  t h i s  s tudy,  some c h i ld ren w i l l  have  to  be  
exc luded .  The  ques t ions  be low wi l l  he lp  us  dec ide  i f  i t  i s  
necess ary to  exc lude  your  ch i l d  f rom th i s  s tudy.  Th is 
in fo rmat ion w i l l  be  s t r i c t l y  conf ident ia l .  
 
P lease fee l  f ree to  contac t  t he researc her  i f  you  requ i re  
f u r the r  i n fo rmat ion  o r  i f  you  wou ld  l i ke  to  d i scuss  any o f  t he 
ques t ions  be low.  
 
 
1 .  Does  your  ch i ld  have  a  severe  sc o l ios is  wh ich requ i res  
h im/her  t o  wear  a  brace o r  wh ich  requ i res  su rgery?  
  
YES NO 
 
2 .  Does  your  ch i ld  f ind  i t  d i f f i cu l t  o r  imposs ib le  to  s t and  
up  on  h is /he r  own wi t hou t  us ing  an o r tho t i c  dev ice  o r  b race?  
 
YES NO 
 
3 .  I s  your  c h i l d  cu r ren t l y  be ing  t r eated  f o r  a  f rac tu re  (b roken  
bone)   
  i n  the  back ,  pe lv is ,  l egs  o r  arms?  
 
YES NO 
 
4 .  I s  your  c h i l d  cu r ren t l y  be ing  t r eated  f o r  any prev ious  
i n ju ry by a  doc to r /phys io therap is t /b iok ine t i c is t ?  
 
YES NO 
 
I f  yes  spec i f y :  
_________________________________________  
 
 
5 .  Has  your  ch i l d  been  d iagnosed  w i t h  a  neuro log ic a l  
cond i t i on  wh ich  a f fec ts  t he  t one  in  h i s / he r  musc les?  
 
YES NO 
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6 .  Does  your  ch i ld  have  a  ch ron ic  o r  se r ious  i l l ness ,  wh ich  
requ i res  h im /her  to  t ake  da i l y  med ica t i on o r  rece ive  regu la r  
t rea tment?  
 
I f  yes ,  p leas e  l i s t :  
_____________________________________  
 
7 .  Has  your  ch i l d  been  d iagnosed  w i t h  a  se r ious  sp ina l  
pa tho logy (e .g .  tumour )?   
 
YES NO 
 
I f  yes ,  p leas e  l i s t :  
_____________________________________  
 
 
 
THANK YOU  
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APPENDIX G 
 
 
QUESTIONNAIRE 
 
General  In format ion  
 
Refe renc e Number :      _ _ _ _ _ _ _ _ _ _ _  D a t e  o f  B i r t h :        
_ _ _ _ _ _ _  
 A g e :    _ _ _ _ _ __ _ _  
M a l e  F e m a l e  
 
1 .  Sports  par t ic ipat ion  
 
1 .  D o  yo u  p a r t i c i p a t e  i n  s p o r t ?             
 
Y E S  N O  
 
2 .   I n  t h e  t a b l e  b e l o w  t i c k  t h e  s p o r t / s  i n  w h i c h  yo u  p a r t i c i p a t e .  
 U s e  t h e  g r e y  t a b l e  as  a  g u i d e  t o  e n c i r c l e  t h e  s u i t a b l e  n u m b er s  i n   
 t h e  o t h e r  t h r e e  c o l u m n s .  
 
T i c k  w h a t  yo u  
d o :  
H ow  o f t en ?  H o w  l o n g ?  H ow  h a r d ?  
S w i m m i n g    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
T e n n i s    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
J o g g i n g    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
C yc l i n g    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
C r i c k e t    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
A t h l e t i c s    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
R u g b y    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
S o c c e r    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
N e t b a l l    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
G ym n a s t i c s    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
H o c k e y    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
A e r o b i c s    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
O t h e r  –  n a m e :    1    2    3    4    5     1    2    3    4    5   1    2    3    4    5    
 
H ow  o f t en  d o  y o u  d o  i t ?  
1  2  3  4  5  
1 x  e v e r y  t w o  
w ee k s  o r  
l e s s  
1 x  t o  2 x  p e r  
w e ek  
3 x  p e r  w e e k  4 x  t o  5 x  p e r  
w ee k  
6 x  o r  m o r e  
p e r  w e ek  
 
F o r  h ow  l o n g  d o  yo u  d o  i t ?  
1  2  3  4  5  
L e s s  t h a n  
3 0  m i n  
   3 0  m i n     4 5  m i n     6 0  m i n    9 0  m in  o r   
m o r e  
 
H o w  h a r d  d o  yo u  p ra c t i c e ?  
1  2  3  4  5  
D o  n o t  
s w e a t  a t  a l l  
S w ea t  
m i n i m a l l y ,  
n o t  o u t  o f  
b r e a t h  
S w e a t  
m o d e r a t e l y ,  
s l i g h t l y  
b r e a t h l e s s  
S w ea t  a  l o t ,  
b r e a t h l e s s  
S w e a t  
s e v e r e l y ,  
b r e a t h l e s s ,  
t i r e d  
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 3 .  O n  w h a t  l e v e l  d o  yo u  p a r t i c i p a t e  i n  t h e  s p o r t  m e n t i o n e d  a b o v e ?  
 
L e ve l  S p o r t  1  S p o r t  2  S p o r t  3  
S o c i a l  l e v e l  
o n l y  
   
C o m p e t e  o n  
s c h o o l  l e v e l  
   
C o m p e t e  o n  
c l u b  l e v e l  
   
C o m p e t e  o n  
p r o v i n c i a l  l e v e l  
   
C o m p e t e  o n  
n a t i o n a l  l e v e l  
   
 
4 .  H ow  l o n g  h a v e  yo u  b e e n  p a r t i c i p a t i n g  i n  t h e  a b o v e m e n t i o n e d  
s p o r t ?  
 
H ow  l o n g ?  S p o r t  1  S p o r t  2  S p o r t  3  
1  t o  3  m o n t h s     
4  t o  6  m o n t h s     
7  t o  12  m o n t h s     
1 3  m o n t h s  t o  2  
y e a r s  
   
M o r e  t h a n  2  
y e a r s  
   
 
2 .  O ther  Phys ica l  Act i v i t ies  
 
1 .   D o  yo u  p a r t i c i p a t e  i n  a n y  o t h e r  a c t i v i t i e s  o t h e r  t ha n  s p o r t ?   
  
Y E S  N O  
 
2 .  I n  t h e  t a b l e  b e l o w  t i c k  t h e  p h ys i c a l  a c t i v i t i e s  t h a t  yo u  t a k e  pa r t  i n .  
 U s e  t h e  g r e y  t a b l e  as  a  g u i d e  t o  e n c i r c l e  t h e  s u i t a b l e  n u m b er s  i n   
 t h e  o t h e r  t h r e e  c o l u m n s .  
 
P h ys i c a l  
a c t i v i t y  
T i c k  w h a t  
yo u  d o :  
H o w  o f t e n ?  H o w  l o n g ?  H ow  h a r d ?  
D a n c i n g      
W a l k i n g  f o r  
f u n  
    
W a l k / c yc l e  
t o  s c h o o l  
    
G a r d e n i n g      
W as h i n g  t h e  
c a r  
    
C l e a n i n g  t h e  
h o u s e  
    
D i s c o      
P l a y  m u s i c a l  
i n s t r u m e n t  
    
O t h e r  –  
n a m e :  
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 H ow  o f t en  d o  y o u  d o  i t ?  
1  2  3  4  5  
1 x  e v e r y  t w o  
w ee k s  o r  
l e s s  
1 x  t o  2 x  p e r  
w e ek  
3 x  p e r  w e e k  4 x  t o  5 x  p e r  
w ee k  
6 x  o r  m o r e  
p e r  w e ek  
 
F o r  h ow  l o n g  d o  yo u  d o  i t ?  
1  2  3  4  5  
L e s s  t h a n  
3 0  m i n  
3 0  m i n  4 5  m i n  6 0  m i n  9 0  m i n  o r  
m o r e  
 
H o w  h a r d  d o  yo u  p ra c t i c e ?  
1  2  3  4  5  
D o  n o t  
s w e a t  a t  a l l  
S w ea t  
m i n i m a l l y ,  
n o t  o u t  o f  
b r e a t h  
S w e a t  
m o d e r a t e l y ,  
s l i g h t l y  
b r e a t h l e s s  
S w ea t  a  l o t ,  
b r e a t h l e s s  
S w e a t  
s e v e r e l y ,  
b r e a t h l e s s ,  
t i r e d  
 
3 .  Sedentary Act i v i t i es :  (ac t iv i t i es  done when you  are 
s i t t ing / l y ing    
 dow n)  
 
T i c k  a l l  t h e  a c t i v i t i e s  yo u  d o  w h i l e  s i t t i n g / l y i n g  d o w n  i n  t h e  t a b l e  
b e l o w  
U s e  t h e  g r e y  t a b l e  as  a  g u i d e  t o  e n c i r c l e  t h e  s u i t a b l e  n u m b er s  i n  t h e  
o t h e r  t w o  c o l u m n s  
 
P h ys i c a l  a c t i v i t y  T i c k  w h a t  
yo u  d o :  
H ow  
o f t en ?  
H ow  l o n g ?  H ow  h a r d ?  
W at c h i n g  t e l e v i s i o n      
W or k i n g  o n  a  
c o m p u t e r  
    
S t u d y i n g      
R e a d i n g      
W as h i n g  m o v i e s      
S i t t i n g      
S l e e p i n g  d u r i n g  t h e  
d a y  
    
L y i n g  d o w n      
O t h e r  –  n a m e :      
 
H ow  o f t en  d o  y o u  d o  i t ?  
1  2  3  4  5  
1 x  e v e r y  t w o  
w ee k s  o r  
l e s s  
1 x  t o  2 x  p e r  
w e ek  
3 x  p e r  w e e k  4 x  t o  5 x  p e r  
w ee k  
6 x  o r  m o r e  
p e r  w e ek  
 
F o r  h ow  l o n g  d o  yo u  d o  i t ?  
1  2  3  4  5  
L e s s  t h a n  
3 0  m i n  
   3 0  m i n     4 5  m i n     6 0  m i n  9 0  m i n  o r  
m o r e  
 
4 .  Back  P a in  
 
1 .  H a v e  yo u  e v e r  h a d  p a i n  o r  d i s c o m f o r t  i n  t h e  l o w e r  p a r t  o f  yo u r   
 b a c k  t h a t  l a s t e d  m or e  t h a n  2 1  h o u r s  ( 1  da y ) ?  
   
Y E S  N O  
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2 .  H a v e  yo u  e v e r  h a d  p a i n  o r  d i s c o m f o r t  i n  t h e  a r e a  i n d i c a t e d  i n  t h e  
f i g u r e  b e l ow ?  
 
Y E S  N O  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 .   H a v e  yo u  h a d  p a i n  o r  d i s c o m f o r t  i n  t h e  l o w e r  p a r t  o f  yo u r  b ac k  i n  
t h e  l a s t  1 2  m o n t h ’ s  ( 1  ye a r ) ?  
 
Y E S  N O  
 
4 .  I f  yo u  h a d  p a i n  i n  t h e  l o w e r  p a r t  o f  yo u r  b a ck  i n  t h e  p a s t  1 2  m o n t h s  
 ( 1  ye a r ) ,  a n s w e r  t h e  f o l l o w i n g  q u e s t i o n s :  
 
 a .  W he n  d i d  i t  s t a r t ?  
 
1  t o  3  m o n t h s  a g o   
4  t o  6  m o n t h s  a g o   
7  t o  12  m o n t h s  a g o   
1 3  m o n t h s  t o  2  ye a r s  
a g o  
 
m o r e  t h a n  2  ye a r s  
a g o  
 
 
 b .  H ow  d i d  i t  s t a r t ?  
  
S p o n t a n e o u s l y   
m o t o r  v e h i c l e  
a c c i d e n t  
 
s p o r t s  i n j u r y   
o t h e r  t r a u m a  ( f a l l ,  
l i f t i n g )  
 
o t h e r  –  n a m e :   
 
 c .  H o w  o f t e n  d o  yo u  h a v e  b a c k  p a i n?  
 
e v e r y  d a y   
o n e  t o  3  t im e s  p e r  
w ee k  
 
o n c e  e v e r y  2  w e ek s   
o n c e  p e r  m o n t h   
o n c e  e v e r y  3  t o  6  
m o n t h s  
 
l e s s  t h a n  o n c e  i n  6  
m o n t h s  
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 d .  H ow  l o n g  d o e s  t h e  l o w  b a c k  p a i n  l a s t  w h e n  i t  i s  p r e s e n t?                                  
a  f ew  h o u r s  t o  o n e  
d a y  
 
2  t o  3  d a ys   
4  t o  5  d a ys   
o n e  w e ek   
l o n g e r  t h a n  o n e  w e e k   
 
5 .   D o  yo u  h a v e  p a i n  i n  t h e  l o w e r  p a r t  o f  yo u r  b a c k  a t  t h e  m o m e n t ?  
 
Y E S  N O  
 
6 .  L o o k  a t  t h e  f i g u r es  a n d  i n d i c a t e  t h e  a r e a  i n  w h i c h  yo u  e x p e r i e n c e  
   yo u r  b a c k  p a i n .  P l e a s e  n o t e :  
T h e  b a c k  p a i n  c a n  o n l y  b e  i n  t h e  l o w e r  p a r t  o f  y o u r  b a c k ,  ( b o t h  s i d e s  
o r  on l y  o n  o n e  s i d e ) ,  o r  s o m e t i m e s  t h e  s y m p t o m s  c a n  s p r e a d  t o  t h e  
b u t t o c k ( s ) ,  t h e  t h i g h ( s )  o r  t he  l o w e r  p a r t  o f  t h e  l e g ( s ) .  T h e  s y m p t o m s  
t h a t  y o u  c o u l d  e x p e r i e n c e  i s  p a i n ,  t i n g l i n g  f e e l i n g ,  n u m b n e s s  o r  a  
f e e l i n g  o f  h ea v i n e s s .  
 A r e a  1   Ar e a  1   A r e a 2  Ar e a  3   A r e a  3  
 A r e a  4   A r e a  5  Ar e a  5  Ar e a  6  
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 Ar e a  1 :  on l y  o n e  s i d e  ( l e f t  o r  r i g h t  s i d e )  o f  t h e  l ow  b a ck    
Ar e a  2 :  bo t h  s i de s  o f  t h e  l o w  b a c k   
Ar e a  3 :  on e  s i d e  o f  t h e  l ow  b a ck  a n d  s p r e a d i n g  i n t o  t h e  
b u t t o c k s  ( l e f t  o r                                       r i g h t  s i d e )  
 
Ar e a  4 :  bo t h  s i de s  o f  t h e  l o w  b a c k  a n d  s p r e a d i n g  i n t o  b o t h  
b u t t o c k s  
 
Ar e a  5 :  on e  s i d e  o f  t h e  l ow  b a ck  a n d  s p r e a d i n g  i n t o  t h e  
b u t t o c k s  a n d  l e g  o n  t h a t  s i d e  
 
Ar e a  6 :  bo t h  s i de s  o f  t h e  l o w  b a c k ,  s p r e a d i n g  i n t o  b o t h  
b u t t o c k s  a n d  l e g s  
 
 
7 .  D o e s  t h e  p a i n  i n  yo u r  b a c k  m a k e  a n y  o f  t h e  f o l l ow i n g  a c t i v i t i e s  
    d i f f i c u l t ?  
 
 Y E S  N O  
R e a c h i n g  u p ,  e . g . :  t o  g e t  a  b o o k  
f r o m  a  s h e l f  
  
C a r r y i n g  y o u r  s c h o o l  b a g  
 
 
S i t t i n g  o n  a  c h a i r  f o r  a  4 5  m i n  
l e s s o n  
  
S t a n d  f o r  1 0  m i n u t e s ,  e . g . :  i n  a  
q u e u e  
  
S i t t i n g  u p  f r o m  a  l y i n g  p o s i t i o n    
B e n d i n g  d o w n  e . g . :  t o  p u t  yo u r  
s o ck s  o n  
  
S t a n d  u p  f r o m  a  c h a i r    
R u n n i n g  f a s t ,  e . g . :  t o  c a t c h  a  b u s    
S p o r t s  a c t i v i t i e s    
 
8 .  H a v e  yo u  e v e r  h a d  t o  s t o p  o r  c h a n g e  yo u r  s p o r t  a c t i v i t i e s  d u e  t o  
 p a i n  i n  yo u r  l o w e r  b a c k ?  
 
Y E S  N O  
 
9 .  H a v e  yo u  h a d  a n y  t r e a t m e n t  f o r  t h e  b ac k  p a i n?   
 
Y E S  N O  
 
a .  I f  ye s ,  w h a t  t r e a t m e n t  d i d  yo u  h a v e ?  
 
R e s t  i n  b e d   
M e d i c a t i o n   
P h ys i o t h e r a p y   
E x e r c i s e s   
O t h e r ,  n a m e :   
 
b .  D i d  t h e  t r e a t m e n t  h e l p ?  
 
N o t  a t  a l l   
O n l y  f o r  a  s h o r t  w h i l e   
P a i n  r e l i e f ,  b u t  s t i l l  g e t  p a i n  
r e g u l a r l y  
 
P a i n  r e l i e f ,  s t i l l  g e t  p a i n ,  b u t  v e r y  
s e l d o m  
 
T o t a l  p a i n  r e l i e f ,  n ev e r  h a d  p a i n  
a g a i n  
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5 .  School  bag in fo rmat ion  
1 .  H ow  d o  yo u  u s u a l l y  c a r r y  yo u r  s c h o o l  b a g ?                                          
 
B a c k p a c k  c a r r i e d  o n  b o t h  s h o u l d e r s   
B a c k p a c k  c a r r i e d  o n  o n e  s h o u ld e r   
S u i t c a s e  c a r r i e d  i n  on e  h a n d   
T r o l l e y  t yp e  o n  w h e e l s  p u l l e d  w i t h  
o n e  h a n d   
 
 
2 .  I f  yo u  c a r r y  y o u r  s c h o o l  b a g  on  o n e  s i d e ,  w h i c h  s i d e  i s  i t ?  
 
R i g h t  L e f t  
 
3 .  A r e  yo u  l e f t  o r  r i g h t  h a n d e d ?  
 
R i g h t  L e f t  
 
3 .  D o  yo u  g e t  t i r ed  c a r r y i n g  yo u r  s c h o o l  b a g?  
 
N e v e r   
S o m e t i m e s   
O f te n   
A l w a ys   
 
4 .  D o  yo u  t h i n k  yo u r  s c h o o l  b a g  i s  t o o  h e a v y  f o r  yo u ?  
 
Y E S  N O  
 
5 .  I f  yo u  r e p o r t e d  t h a t  yo u  g e t  l ow  b a c k  p a i n ,  d o  yo u  t h i nk  p i ck i n g  up   
o r  c a r r y i n g  y o u r  s c h o o l b a g  m ak e s  i t  w o r s e ?  
 
Y E S  N O  
 
6 .  Emotions  
 
1 .  H ow  d o  yo u  f e e l  a b ou t  yo u r  s c h o o l  w o r k ?   
 M a r k  t h e  f a c e  t ha t  i n d i c a t e s  yo u r  f e e l i n g ,  b y  c i r c l i n g  t h e  l e t t e r  
 u n d e r n e a t h ?  
 
  A  B  C  D  E  F  
 
2 .  H ow  d o  yo u  f e e l  ab o u t  yo u r  l i f e  i n  g e ne r a l ?  
M a r k  t h e  f a c e  t ha t  i n d i c a t e s  yo u r  f e e l i n g s ,  b y  c i r c l i n g  t h e  l e t t e r  
u n d e r n e a t h  i t ?  
 
 
 
 A  B  C  D  E  F  
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7 .  Fami ly  H is tory  
 
D o  yo u  e v e r  h e a r  yo u r  m om  o r  d ad  c o m p l a i n i n g  a b o u t  b a c k  p a i n ?                                                                          
 
Y E S  N O  
 
8 .  I f  you  are  a  g i r l ,  p lease  answ er  the fo l low ing  quest ions  
 
1 .  I f  yo u  r e p o r t e d  t h a t  y o u  e x p e r i e n c e  l ow  b a c k  pa i n ,  d o  yo u  g e t  t h e  
l o w  b a c k  p a i n  o n l y  d u r i n g  m e n s t r u a t i o n  ( d u r i n g  yo u r  m o n t h l y  
p e r i o d ) ?  
 
Y E S  N O  
 
2 .  D o  yo u  g e t  b a c k  pa i n  a t  o t h e r  t i m e s  a s  w e l l  a s  d u r i n g  m e n s t r u a t i o n  
  ( m o n t h l y  p e r i o d ) ?  
 
Y E S  N O  
 
 
 
Thank you for  your part ic ipation 
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APPENDIX H 
 
PHYSICAL TESTS 
 
Ac t i ve  St raight  Leg Raise  Test  
 
The ac t ive  s t r a ight  l eg  ra i se  tes t  w i l l  be  used  to  measure  the 
f unc t i ona l  i n t eg r i ty  o f  t he  l umbar  s tab i l i s i ng musc les  (Mens  
e t  a l ,  2001) .  
 
The par t i c i pan t  i s  pos i t i oned  in  sup ine,  and asked  to  
a l te rnat i ve l y  ra i se  the l egs  20 cm.  The  ease  w i th  wh ich  t hey 
do  i t  is  r epor ted by  t he  par t i c i pan t  and  observ ed by the  
t es te r .   
 
To  quan t i f y  the measurement ,  th ree  p ress ure  b io feedbac k  
un i t s  w i l l  be  used .  Two p ress ure  b io f eedback  un i t s  w i l l  be  
pos i t i oned  benea th  t he pos te r io r  super io r  i l i ac  sp ines  on  
each  s ide  j us t  l a te ra l  t o  the  m id l i ne .  One  pres sure  
b io feedback un i t  w i l l  be  p lac ed  benea th  the  l eg  a t  t he ank le  
o f  t he  res t i ng l eg .  E ach  sha l l  be  i n f la t ed  t o  a  base l i ne  
p ress ure o f  40mmHg (J o rdaan,  2005)  
 
The par t i c i pan t  i s  i ns t ruc ted to  l i f t  one  leg  20cm abov e  t he  
bed ,  keep ing  t he  leg  s t r a ight ,  and  ho ld  f or  10 s econds  t o  
a l l ow rec ord ing o f  t he p ress ure c hange  a t  the th ree  press ure 
b io feedback un i t s .  Th is  sha l l  be  repea ted  on  t he  oppos i t e  
l eg .  The  t es t  sha l l  be  repeated  tw ice  and  t he  mean va lue  
used .  
 
The sub jec t  w i l l  then  s tand  and be f i t t ed  w i t h  a  sac ro i l i ac  
be l t .  The  in f l uence  o f  t he  be l t  on  the  ab i l i t y  to  ac t iv e ly  r a is e  
t he l eg w i l l  be  asses sed by  t he par t i c i pan t  (Mens  e t  a l ,  
1999) .  
 
The t es t  w i l l  t hen  be  repeated  as  above  and  the p ressure  
changes  recorded .   
 
Trunk F lex ion Muscle  Endurance 
 
Abdomina l  musc le  enduranc e  w i l l  be  recorded us ing t he  
Sh i rado Test  (Bernard  e t  a l ,  2008;  Evans  e t  a l ,  2006;  I t o  T  e t  
a l ,  1996) .   
 
Par t i c i pan t  i s  pos i t i oned  in  a  s up ine pos i t i on  and ra ises  t he  
l ower  ex t rem i t i es  w i th  90 ’  f l ex ion o f  t he h ip  and  knee jo in ts .  
Par t i c i pan t ’s  arm s a re  c rossed  in  f ron t  o f  the i r  ches t .  A  sma l l  
s i t  up  i s  pe r fo rm ed l i f t i ng  t he s hou lders  o f f  the  p l i n t h .                               
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The pos i t ion  is  he ld  f or  as  l ong  as  poss ib le  and  t im e recorded 
in  s econds w i t h  a  s t op wa t ch.                                                                            
                                                                    
I n  pa r t i c i pan t ’ s  who  exper ience no  d i f f i cu l t y  i n  ho ld ing  t he pos i t i on ,  
t he t es t  i s  s topped  a f t e r  240  seconds .   
 
The measurem ent  w i l l  be  recorded  once .  
 
Trunk Extens ion Muscle  Endurance  
 
Back  ex tensor  endurance  w i l l  be  recorded  us ing  t he  
Sorens en Tes t  (Bernard  e t  a l ,  2008 ;  Evans  e t  a l ,  2006 ;  
Demou l in  C  e t  a l ,  2004) .  
 
The par t i c i pan t  i s  pos i t i oned  in  prone w i th  the upper  edge  o f  
t he i l i ac  c res t s  a l igned  w i th  the  edge  the tab le .  The lower  
body i s  f i xed  to  the  tab le  by  two  s t raps ,  l oc ated  a round  the 
pe lv i s  and  knees.  The upper  body i s  s uppor t ed on  a  sma l l  
s t oo l  s l i gh t l y  l owe r  t han  the  p l i n t h .  W i th  the a rms  f o lded  
ac ros s  t he  c hest ,  the  sub jec t  i s  asked  t o  i s omet r ic a l l y  
ma in ta in  the upper  body in  a  hor i zon ta l  pos i t ion .  The  
pos i t i on  is  he ld  f or  as  l ong as  poss ib le  and  t im e rec orded  in  
seconds w i th  a  s top  wa tch .  
 
I n  sub jec t s  who exper ience no  d i f f i cu l t y  in  ho ld ing  t he 
pos i t i on ,  the tes t  i s  s t opped  a f te r  240  s ec onds .  
 
The measurem ent  w i l l  be  recorded  once .   
 
Trunk Lateral  F lex ion Muscle  Endurance  
 
Trunk la t era l  f l exo r  endurance  w i l l  be  recorded  us ing t he 
s ide  b r idge t es t  (Ev ans  e t  a l ,  2007;  McGi l l  e t  a l ,  1999) .   
 
The par t i c i pan t  i s  pos i t i oned  l y ing  on  t he i r  s ides  w i th  l egs  
ex tended .  The top  f oot  i s  p laces  in  f ron t  o f  the  l ower  foo t .  
Par t i c i pan t  i s  i ns t ruc ted to  suppor t  t hemse lves  l i f t i ng  t he i r  
h ips  o f f  t he  mat  to  ma in ta in  a  s t ra igh t  l i ne  over  t he i r  f u l l  
body l eng th ,  and  s uppor t  themse lves  on one e lbow and  the i r  
f ee t .  The  un invo lved  a rm  was  he ld  ac ross  the  chest  w i t h  
hand  p laced  on t he  oppos i te  shou lder .  The pos i t i oned  i s  he ld  
f o r  as  l ong  as  poss ib le  and t ime recorded  in  seconds w i t h  a  
s t op wa t ch.  
 
I n  sub jec t s  who exper ience no  d i f f i cu l t y  in  ho ld ing  t he 
pos i t i on ,  the tes t  i s  s t opped  a f te r  240  s ec onds .   
 
The measurem ent  w i l l  be  recorded  once .  
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APPENDIX I  
 
Physical  Assessment Data Collection Sheet Form 
 
Reference Number :  _________  Date :  _______  
   
Consent  Form S igned:  ______    
 
Assent  Form S igned:  ______  Quest ionnai re  
Completed:  ______  
 
 
1 .  He igh t :    ___________  cm 
 
2 .  Weight :   ___________  kg  
 
3 .  Body mass index:  ___________  m² 
 
4 .  School  bag w eigh t :   ___________  kg  
 
 
PHYSIC AL TESTS 
 
5 .  Ac t i ve  St raight  Leg Raise  Test  
 
5 . 1  Test  1   
 
 5 . 1 .1   Par t i c ipants ’  exper ience of  ASLR 
 
 R  L  
Not  d i f f i c u l t  a t  a l l    
Min im a l l y  d i f f i cu l t    
S omewhat  d i f f i cu l t    
Fa i r l y  d i f f i cu l t    
V ery d i f f i cu l t    
Unab le  t o  do    
 
 5 . 1 .2   Pressure Change 
 
Right  ASLR Lef t  AS LR 
 
P r e s s u r e  r e c o r d e d  a t :  
 
P r e s s u r e  r e c o r d ed  a t :  
 
R i g h t  
P S I S  
L e f t  
P S I S  
L e f t  
f o o t  
 L e f t  
P S I S  
R i g h t  
P S I S  
R i g h t  
f o o t  
T r i a l  
1  
   T r i a l  1     
T r i a l  
2  
   T r i a l  2     
M e a n      M e a n     
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 5 . 2  Test  2  –  P ar t ic ipan t  f i t ted w i th  S IJ  bel t  
 
 5 . 2 .1   Par t i c ipant ’s  exper ience of  ASLR  
 
 R  L  
Not  d i f f i c u l t  a t  a l l    
Min im a l l y  d i f f i cu l t    
S omewhat  d i f f i cu l t    
Fa i r l y  d i f f i cu l t    
V ery d i f f i cu l t    
Unab le  t o  do    
 
 5 . 2 .2   Pressure Change 
 
Right  ASLR Lef t  AS LR 
 
P r e s s u r e  r e c o r d e d  a t :  
 
P r e s s u r e  r e c o r d ed  a t :  
 
R i g h t  
P S I S  
L e f t  
P S I S  
L e f t  
f o o t  
 L e f t  
P S I S  
R i g h t  
P S I S  
R i g h t  
f o o t  
T r i a l  
1  
   T r i a l  1     
T r i a l  
2  
   T r i a l  2     
M e a n      M e a n     
 
6 .  T runk  F lexor  E ndurance  
 
Tota l  l ength  o f  ho ld  i n  
s econds  
 
 
7 .  T runk  Extensor  Endurance  
 
Tota l  l ength  o f  ho ld  i n  
s econds  
 
 
8 .  T runk  Side-Flexor  Endurance  
 
 8 . 1   R igh t  s ide  f l exion  
 
Tota l  l ength  o f  ho ld  i n  
s econds  
 
 
8 . 2  Lef t  S ide Flexion 
 
Tota l  l ength  o f  ho ld  i n  
s econds  
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 APPENDIX J 
 
Ethical  Clearance Cert i f icate 
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APPENDIX K 
 
Results of  the Pi lot  Study 
 
The Pears on co r re la t i on  was  used to  assess  i n t r a - ra te r  r e l i ab i l i t y  
f o r  t he c ont inuous da ta .  
 
Table 4 .5  Int ra- ra ter  re l iab i l i t y  o f  cont inuous data  
 
P e a r s o n  c o r r e l a t i o n  ( r )  
H e i g h t  ( h t )                1  
W e i g h t  ( w t )                1  
B M I                 1  
S c h o o l b a g  w e ig h t              0 . 6 4  
F l e x i o n  e nd u r a n c e              0 . 9 8  
E x t e n s i o n  e n d u r a n c e               0 . 9 7  
R i g h t  s i d e  f l e x i o n  e nd u r a n c e              0 . 9 9  
L e f t  s i d e  f l e x i o n  e n d u r a n c e              0 . 9 9  
 
Observed  agreement  was us ed t o  ass ess  in t ra - ra te r  re l i ab i l i t y  o f  
ca tegor ica l  da ta .  A  re l i ab le  tes t  that  t akes  i n to  accoun t  chance 
agreement  i s  Kappa .  However  w i th  a  p i l o t  s t udy s amp le  s i ze  o f  5  
i t  canno t  be used .   
 
Table 4 .6  Int ra- ra ter  re l iab i l i t y  o f  categor ica l  data  
  O b s e r v e d  A g r e em e n t   
R i g h t  A S L R                1  
R i g h t  P S I S                1  
L e f t  F o o t               0 . 8  
L e f t  A S L R                1  
L e f t  P S I S               0 . 6  
R i g h t  F o o t               0 . 8  
R i g h t  A S L R -  w i t h  S I J  B e l t                1  
R i g h t  P S I S  -  w i t h  S I J  B e l t               0 . 6  
L e f t  F o o t  -  w i t h  S I J  B e l t               0 . 6  
L e f t  A S L R  -  w i t h  S I J  B e l t                1  
L e f t  P S I S  -  w i t h  S I J  B e l t               0 . 6  
R i g h t  F o o t  -  w i t h  S I J  B e l t                1  
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                         
 
91  
APPENDIX L 
 
Results of  the Main Study 
 
Th is  append ix  con ta ins  tab les  no t  used  in  the ma in  s tudy 
d i scus s ion bu t  f rom wh ic h  f i gures  in  the s t udy were  der i ved .   
 
Table 4 .7  Gender  Representa t ion  
                  T o t a l  L e a r n e r s  ( n = 8 0 )  
              %               N  
M a l e             4 2 . 5              3 5  
F e m a l e             5 7 . 5              4 6  
 
Table 4 .8  Age Group representa t ions  
    Ag e  G r o u p         To t a l  ( n )         M a l e        F e m a l e  
1 2  ye a r            2            1            1  
1 3  ye a r            1 8            8           1 0  
1 4  ye a r           2 4           1 2           1 2  
1 5  ye a r           1 9            4           1 5  
1 6  ye a r           1 1            7            4  
1 7  ye a r            6            2            4  
 
Table 4 .9    P revalence  of  LBP by spor ts  par t i c ipat ion   
       L ow       M o d e r a t e           H i g h  P r e va l e n c e  o f  
L B P  
    %     n      %     n      %      N  
p - va l u e  
L i f e t i me  ( n = 6 6 )  6 2 . 1 2    4 1   2 5 . 7 6     1 7   1 2 . 1 2      8   0 . 3 8 9  
1  Y e a r  ( n = 6 3 )   6 3 . 4 9    4 0   2 3 . 8 1     1 5   1 2 . 7 0      8   0 . 2 4 2  
P o i n t   ( n = 1 9 )   5 2 . 6 3    1 0   2 6 . 3 2      5   2 1 . 0 5      4   0 . 1 7 1  
N o  L B P  ( n = 1 4 )   7 1 . 4 3    1 0   2 8 . 5 7      4      0      0    
 
Table 4 .10   Preva lence o f  LBP by phys ica l  ac t iv i ty  
       L ow       M o d e r a t e           H i g h  P r e va l e n c e   
L B P  
     %     n       %     n      %     N  
p - va l u e  
L i f e t i me  ( n = 6 6 )   8 0 . 3 0    5 3   1 3 . 6 4     9    6 . 0 6     4   0 . 6 4 0  
1  Y e a r  ( n = 6 3 )   7 9 . 3 6    5 0   1 4 . 2 9     9    6 . 3 5     4   0 . 5 3 0  
P o i n t   ( n = 1 9 )   8 4 . 2 1    1 6   1 5 . 7 9     3      0     0   0 . 5 1 0  
N o  L B P  ( n = 1 4   8 5 . 7 1    1 2   1 4 . 2 9     2      0     0    
 
Table 4 .11  Prevalence  of  LBP by sedentary act iv i t i es  
       L ow       M o d e r a t e           H i g h  P r e va l e n c e   
L B P  
   %     n       %     n      %     N  
p - va l u e  
L i f e t i me  ( n = 6 6 )   3 1 . 8 2    2 1   5 9 . 0 9     3 9    9 . 0 9     6   0 . 1 4 5  
1  Y e a r  ( n = 6 3 )   3 3 . 3 4    2 1   5 7 . 1 4     3 6    9 . 5 2     6   0 . 3 0 8  
P o i n t   ( n = 1 9 )   2 1 . 0 5     4   6 8 . 4 2     1 3   1 0 . 5 3     2   0 . 2 8 0  
N o  L B P  ( n = 1 4 )   5 7 . 1 4     8   4 2 . 8 6      6      0     0    
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Table 4 .12  Sub jects  percept ion  o f  Right  ASLR and LBP  
L i f e t i m e  P r e va l e n c e  Y e a r  P r e va l e n c e            N o  L B P  AS L R  
   %       n      %       n      %       n  
1      0       0      0       0       0       0  
2     1 . 5 1       1     1 . 5 9       1       0       0  
3     6 . 0 6       4     6 . 3 5       4       0        0  
4    1 2 . 1 2       8    1 2 . 7 0       8       0       0  
5    4 3 . 9 4      2 9    4 2 . 8 6      2 7    3 5 . 5 1       5  
6    3 6 . 3 6      2 4    3 6 . 5 1      2 3    6 4 . 2 9       9  
p - va l u e    0 . 2 7 5   
 0 . 2 7 4  
 
   
Table 4 .13  Sub ject ’ s  percept ion  of  Lef t  ASLR and LBP 
L i f e t i m e  P r e va l e n c e  Y e a r  P r e va l e n c e            N o  L B P  L  AS L R  
    %       n       %       n      %       n  
1       0       0       0       0       0       0  
2     1 . 5 1       1     1 . 5 9       1       0       0  
3     1 . 5 1       1     1 . 5 9       1       0       0  
4    1 0 . 6 1       7     9 . 5 2       6       0       0   
5    4 2 . 4 2      2 8    4 2 . 8 6      2 7    2 8 . 5 7       4  
6    4 3 . 9 4      2 9    4 4 . 4 4      2 8    7 1 . 4 3      1 0  
p - va l u e    0 . 3 7 3    0 . 6 4 9  
 
 
Table 4 .14  Righ t  ASLR and pressure  change a t  Right  PS IS  
L i f e t i m e  P r e va l e n c e  Y e a r  P r e va l e n c e            N o  L B P  R  AS L R  
R  P S I S  
    %       n     %       n      %       n  
P o o r    5 1 . 5 2      3 4    5 2 . 3 8      3 3    2 8 . 5 7       4  
M o d e ra t e   4 2 . 4 2      2 8    4 1 . 2 7      2 6    6 4 . 2 9       9  
G o o d     6 . 2 5       5     6 . 3 5       4     7 . 1 4       1  
p - va l u e    0 . 2 8 7    0 . 2 1 4  
 
 
Table  4 .15  Lef t  ASLR test  pressure  change a t  Lef t  PS IS  
L i f e t i m e  P r e va l e n c e  Y e a r  P r e va l e n c e            N o  L B P  L  AS L R  
L  P S I S  
   %      n      %       n      %      N  
P o o r    4 2 . 4 2     2 8    4 2 . 8 6      2 7    3 5 . 7 1      5  
M o d e ra t e   5 4 . 5 5     3 6    5 3 . 9 7      3 4    5 4 . 1 4      8  
G o o d    3 . 0 3      2     3 . 1 7       2     7 . 1 4      1  
p - va l u e    0 . 7 1 9    0 . 7 7 7   
 
Table 4 .16  Righ t  ASLR test  and pressure  change a t  Lef t  Foot   
L i f e t i m e  P r e va l e n c e  Y e a r  P r e va l e n c e            N o  L B P  R  AS L R  
L  F o o t  
    %      n     %       n       %       n  
P o o r    2 4 . 2 4     1 6    2 3 . 8 1      1 5    1 4 . 2 9       2  
M o d e r a t e    7 1 . 2 1     4 7    7 1 . 4 3      4 5    8 5 . 7 1      1 2  
G o o d     4 . 5 5      3     4 . 7 6       3       0       0  
p - v a l u e    0 . 4 7 8     0 . 5 3 5  
 
 
Table 4 .17  Lef t  ASLR test  pressure  change a t  Right  Foot   
L i f e t i m e  P r e va l e n c e  Y e a r  P r e va l e n c e            N o  L B P  L  AS L R  
R  F o o t  
   %      n     %      n     %      N  
P o o r    4 3 . 9 4     2 9    4 4 . 4 4     2 8    2 1 . 4 3      3  
M o d e ra t e   5 4 . 5 5     3 6    5 3 . 9 7     3 4    7 8 . 5 7     1 1  
G o o d     1 . 5 2      1     1 . 5 9      1       0      0  
p - va l u e    0 . 2 4 5    0 . 2 3 6   
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Table 4 .18  Percept ion  o f  r ight  ASLR w ith and w i thout  S IJ  bel t  
           W i t h o u t  S I J  B e l t                W i t h  S I J  B e l t  R i g h t  
AS L R  
       %         N         %         N  
1         0         0         0   
2       1 . 5 1         1         0   
3       6 . 0 6         4       4 . 55         3  
4      1 2 . 1 2         8       1 . 52         1  
5      4 3 . 9 4        2 9      2 4 . 2 4        1 6  
6      3 6 . 3 6        2 4      6 9 . 7 0        4 6  
p - va l u e       0 . 2 7 5      0 . 2 5 1  
 
 
Table  4 .19  Percept ion  o f  Lef t  ASLR w i th and w i thout  S IJ  be l t  
           W i t h o u t  S I J  B e l t                W i t h  S I J  B e l t  L e f t   
AS L R  
       %    n  ( n = 6 6 )         %     n ( n = 6 6 )  
1         0          0          0          0  
2       1 . 5 1          1          0          0  
3       1 . 5 1          1        3 . 0 3          2  
4      1 0 . 6 1          7        3 . 0 3          2  
5      4 2 . 4 2         2 8       2 2 . 7 3         1 5  
6      4 3 . 9 4         2 9       7 1 . 2 1         4 7  
p - va l u e       0 . 3 7 3       0 . 44 4  
 
Table 4 .20  Righ t  ASLR pressure change a t  R igh t  PSIS w i th and  
                w i thout  S IJ  be l t  
           W i t h o u t  S I J  B e l t                W i t h  S I J  B e l t  R  AS L R  
R  P S I S  
      %         N         %         N  
P o o r       5 1 . 5 2        3 4       4 5 . 4 5        3 0  
M o d e ra t e       4 2 . 4 2        2 8       4 3 . 9 4        2 9  
G o o d        6 . 2 5         5       1 0 . 6 1         7  
p - va l u e      0 . 2 8 7       0 . 50 9  
 
Table  4 .21  Lef t  ASLR pressure  change a t  Lef t  PSIS w i th  and  
 w i thout  S IJ  bel t  
           W i t h o u t  S I J  B e l t                W i t h  S I J  B e l t  L  AS L R  
L  P S I S  
       %      n  ( n = 6 6 )         %     n  ( n= 66 )  
P o o r      4 2 . 4 2         2 8       3 4 . 8 5         2 3  
M o d e ra t e      5 4 . 5 5         3 6       5 7 . 5 8         3 8  
G o o d       3 . 0 3          2        7 . 5 8          5  
p - va l u e      0 . 7 1 9        0 . 6 9 4  
 
 
Table 4 .22  Righ t  ASLR pressure change a t  Lef t  foot  w i th  and  
 w i thout  S IJ  bel t  
           W i t h o u t  S I J  B e l t                W i t h  S I J  B e l t  R  AS L R  
L  f o o t  
       %          N         %          N  
P o o r      2 4 . 2 4         1 6       2 7 . 2 7         1 8  
M o d e ra t e      7 1 . 2 1         4 7       6 8 . 1 8         4 5  
G o o d       4 . 5 5          3        4 . 5 5             3  
p - va l u e      0 . 4 7 8       0 . 26 9  
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Table 4 .23  Lef t  ASLR pressure  change a t  Righ t  foo t  w i th  and 
 w i thout  S IJ  bel t  
           W i t h o u t  S I J  B e l t                W i t h  S I J  B e l t  L  AS L R  
R  f o o t  
       %     n  ( n = 6 6 )         %      n  ( n= 6 6 )  
P o o r       4 3 . 9 4         2 9       3 3 . 3 3         2 2  
M o d e ra t e       5 4 . 5 5         3 6       6 3 . 6 4         4 2  
G o o d        1 . 5 2          1        3 . 0 3          2  
p - va l u e       0 . 2 4 5       0 . 25 1  
 
Table  4 .24  Mean va lues  for  t runk  f l exor  muscle  endurance   
F l e xo r   
E n d u r a n c e  
       n               % %  M e a n  
 ( s e c )  
 S t an d ar d   
 D e v i a t i o n  
p - va l u e  Confidence 
 Limits 
 (CI 95%) 
L B P  ( n = 66 )      6 6      1 0 0     5 6 . 9 5      3 9 . 8 6  0 . 0 4 4  47.15 – 66.75 
N o  L B P  ( n = 1 4 )      1 4        1 4     4 0 . 3 6      2 3 . 1 8  0  26.98 – 53.76 
 
Table  4 .25  Mean va lues  for  t runk  extensor  muscle  endurance  
E x t e n s o r   
E n d u r a n c e  
    n      %  M e a n  
 ( s e c )  
S t a n d a rd   
D e v i a t i o n  
p - va l u e  
L B P  ( n = 66 )      6 6      1 0 0     8 3 . 6 6     4 2 . 9 4   0 . 3 0 4  
N o  L B P  ( n = 1 4 )      1 4        1 4     9 6 . 5 7     3 9 . 5 7  0  
 
Table  4 .26  Mean va lues  for  t runk  r igh t  s ide f l exor  muscle   
 endurance   
R i g h t  S i d e   
F l e xo r  
E n d u r a n c e  
    n      %  M e a n  
 ( s e c )  
S t a n d a rd   
D e v i a t i o n  
p - va l u e  
L B P  ( n = 66 )      6 6      1 0 0     5 3 . 3 3     3 8 . 5 6  0 . 8 3 8  
N o  L B P  ( n = 1 4 )      1 4        1 4     5 1 . 1 1     2 5 . 4 4  0  
 
Table  4 .27  Mean va lues  for  t runk  le f t  s ide f l exor  muscle  
 endurance   
L e f t  S i d e   
F l e xo r  
E n d u r a n c e  
    n      %  M e a n  
 ( s e c )  
S t a n d a rd   
D e v i a t i o n  
p - va l u e  
L B P  ( n = 66 )      6 6      1 0 0     5 3 . 1 3     3 7 . 2 0  0 . 9 0 0  
N o  L B P  ( n = 1 4 )      1 4        1 4     5 4 . 5 6     4 5 . 1 4  0  
 
Table 4 .28  Mean endurance  scores  and averaged ASLR  
    F l ex  E n d     E x t  E n d  R  S i d e F l e x  E n d  L  S i d e F l e x  E n d  AS L R  
M e a n  
( s e c )  
n = 8 0   M e a n  
 ( s e c )  
 n = 8 0    M e an  
  ( s e c )  
 n = 8 0    M e an  
  ( s e c )  
n = 8 0  
Poor  5 2 . 1 0    4 5   7 9 . 7 2     4 5    5 1 . 36    4 5    5 2 . 93    4 5  
Moderate  5 5 . 0 0    3 2   8 9 . 1 6     3 2    5 2 . 89    3 2    5 2 . 02    3 2  
Good  7 3 . 1 8    3  1 4 4 . 2 0     3    7 7 . 14     3    7 4 . 68     3  
p-value  0 . 6 4 2  0 . 0 3 1  0 . 5 0 1  0 . 6 2 2  
Confidence 
Limits (CI 95%) 
Poor 42.30-61.90 
Mod 40.85-69.15 
Poor 68.03-91.41 
Mod 74.40-100 
Poor 41.34 - 61.38 
Mod 40.60 - 65.18 
Poor 41.69 - 64.16 
Mod 39.70 - 64.34 
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APPENDIX M 
 
Th is  append ix  con ta ins  tab les  no t  used  in  the ma in  s tudy 
d i scus s ion bu t  wh ich  was  der i ved f rom the ques t ionna i re .  
 
Table 4 .29  Behav iour  o f  LBP in  subjects w i th  a  one year  
  preva lence (n= 63)  
B e h a vi o u r     n  =  6 3        % 
T i m e  o f  o n s e t    
•  1  t o  3  m o n t h s  a g o        2 3       3 6 .5  
•  4  t o  6  m o n t h s  a g o         6        9 . 5  
•  7  t o  12  m o n t h s  a g o        1 9        3 0  
•  1 3  m o n t h s  t o  2  ye a r s  a g o         9       1 4 .5  
•  M o r e  t h a n  2  ye a r s  a g o         6        9 . 5  
M o d e  o f  o n s e t     
•  S p o n t a n e o u s l y        4 1        6 5  
•  M o t o r  v e h i c l e  a c c i d en t         1        1 . 6  
•  S p o r t s  i n j u r y        1 6       2 5 .4  
•  O t h e r  t r a u m a  ( f a l l ,  l i f t i n g )         5         8  
•  O t h e r          0         0  
F r e q u e n c y    
•  E v e r yd a y         8       1 2 .5  
•  O n e  t o  t h r e e  t i m e s  p e r  w e ek        1 0        1 6  
•  O n c e  e v e r y  t w o  w e ek s        1 2        1 9  
•  O n c e  p e r  m o n t h        1 5        2 4  
•  O n c e  e v e r y  t h r e e  to  s i x  m o n t h s        1 1       1 7 .5  
•  L e s s  t h a n  o n c e  i n  s i x  m o n t h s         7        1 1  
D u r a t i o n  o f  e p i s o d e s    
•  A  f ew  h o u r s  t o  o n e  da y        4 8        7 6  
•  T w o  t o  t h r e e  d a ys         7       1 1 .2  
•  F o u r  t o  f i v e  d a y s         3       4 . 8  
•  O n e  w e e k         2       3 . 2  
•  L o n g e r  t h a n  o n e  w e e k         3       4 . 8  
 
Table   4 .30 LBP d is tr ibut ion  (n= 66)  
Ar e a  o f  L B P      n = 6 6        % 
•  U n i l a t e r a l  –  l o c a l i s e d  t o  l um b a r  a r e a        4        6 . 3  
•  B i l a t e r a l  –  l o c a l i s e d  t o  l u m b a r  a r e a       4 3       6 8 .2  
•  U n i l a t e r a l  l u m b a r  a r e a  –  s p r e a d i ng  t o  
        B u t t o c k s  
      0         0  
•  B i l a t e r a l  l u m b a r  a r e a  –  s p r e a d i n g  t o    
        B u t t o ck s  b i l a t e r a l l y  
     1 1       1 7 .5  
•  U n i l a t e r a l  l u m b a r  –  s p r e a d i n g  t o  l e g        2        3 . 2  
•  B i l a t e r a l  l u m b a r  –  s p r e a d i n g  t o  l e g s  
        b i l a t e r a l l y   
      3        4 . 8  
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Table 4 .31  Treatment  pat tern fo r  those  l earners w i th a  h is tory  
  o f  LBP (n= 18)  
 
   n  =  1 8         %  
T r e a t m e n t  r e c e i ve d        1 8      2 8 . 6  
T y p e  o f  t r ea t m e n t    
•  R e s t  i n  b e d         5      2 7 . 7  
•  M e d i c a t i o n         7      3 8 . 8  
•  P h ys i o t h e r a p y         6      3 3 . 3  
•  E x e r c i s e         3      1 6 . 7  
•  O t h e r :     -  m a s s a g e         1       5 . 5  
                     -  r e f l e x o l o g y         1       5 . 5  
                     -  c h i r o p r a c t o r         1       5 . 5  
E f f e c t i ve n e s s  o f  t r e a t m e n t  
  
•  N o  h e l p  a t  a l l         1       5 . 5  
•  H e l p e d  f o r  a  s h o r t  w h i l e         3      1 6 . 7  
•  P a i n  r e l i e f ,  b u t  s t i l l  g e t s  p a i n  r e g u l a r l y         7      3 8 . 9  
•  P a i n  r e l i e f ,  s t i l l  g e t s  p a i n ,  b u t  s e l d o m         5      2 7 . 8  
•  T o t a l  p a i n  r e l i e f ,  n e v e r  h ad  p a i n  a g a i n         2      1 1 . 1  
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